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GENERAL INTRODUCTION 
The soybean [Glycine max (L.) Merr.] is an annual legume that 
originated in China and has been cultivated for centuries through­
out the world. The largest soybean producers are the United 
States, Brazil, China, Mexico, Indonesia, and Argentina (Smith and 
Huyser 1987). Cultivated soybean belongs to the family 
Leguminosae, subfamily Papilionoideae and genus Glycine 
(Hymowitz and Singh, 1987). The annual species, consisting of the 
cultivated type max and the wild types soja and zucc, have a 
chromosome number of 2X=40 and can be readily intercrossed 
(Hymowitz and singh 1987). 
Soybean is a good target for genetic improvement by plant 
transformation. Only a few Plant Introductions have given rise to 
the major cultivars grown in the United States. This narrow germ 
plasm base has limited soybean breeding and development. 
Modification of the soybean genome using genetic engineering 
techniques would facilitate the development of new varieties with 
traits such as herbicide resistance, disease resistance, or modified 
seed quality in a manner unobtainable by traditional breeding 
methods. 
Genes have been transferred to soybean protoplasts by 
electroporation of free DNA (Christou et al., 1982). However, 
regeneration technology for soybean has not progressed to the 
point that regenerated plants can be produced from protoplasts. In 
addition, soybean tissues that can be transformed by 
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Agrobacterium are not easily capable of regeneration; either 
nongenerateable tissue is transformed or the transformation 
process diminishes the regeneration capacity of the tissue (Finer 
and Nagasawa, 1988). 
Genetic modification of the soybean genome through 
biotechnology has considerable potential agricultural value. More 
understanding of soybean genome organization and function 
requires manipulation of a molecular system where the soybean 
genome can be studied thoroughly. Transforming soybean tissue 
with an important gene may have a great impact on the genetic 
development of soybean. Analyzing and understanding the soybean 
genome, however, cannot be achieved without thoroughly studying 
soybean genes. To accomplish this goal a system needs to be 
developed to tag and clone genes in a relatively short period of 
time. Use of transposable elements systems might help achieve 
this goal. 
The As. transposable element has been proven to be active in 
many plant species (Baker et al., 1986; Van Sluys et al.,1987). 
However, before the A£ element can be used to tag and isolate 
genes it must be introduced into the target species. Therefore, the 
main goal of this research was to incorporate As. into the soybean 
nuclear genome of regenerated plants. 
Finding or creating new sources of genetic variability in the 
soybean genome was one of our primary objectives. In general 
cultivar development programs have tended to concentrate 
favorable traits from an array of genetically diverse lines into a 
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few highly productive and genetically uniform lines. This practice 
often involves the repeated use of only a few superior sources of 
germ plasm as parents. Plant breeders are aware that the 
continued trend toward genetic uniformity carries with it the 
hazard of potential susceptibility to diseases. 
The major focus of genetic uniformity has been limited to the 
consideration of the nuclear genetic component with the cytoplasm 
playing a minor role. The susceptibility of maize carrying the 
Texas cytoplasm to Southern leaf blight changed this view (Duvick 
and Nobel 1978). Due to maternal cytoplasmic inheritance, it is 
evident that cytoplasms of most major crop plants are far more 
uniform than their nuclear genotypes (Sisson et al., 1978). 
The best protection against the hazards of cytoplasmic 
uniformity is the utilization of diverse cytoplasm in cultivar 
development programs. To accomplish this, plant breeders must be 
able to identify diverse cytoplasms. An important aspect of 
cytoplasmic inheritance is the presence of unique DNA sequences 
in the chloroplast and mitochondria. Although the function of 
these energy-forming organelles has been studied extensively, the 
exact role of their DNA has still not been fully understood. 
Compared with maize, soybean cultivars have been shown to 
have a high degree of genetic uniformity in their cytoplasms based 
on restriction analysis of a number of sequences of soybean 
mitochondrial DNAs (Sisson et al., 1978). 
The primary objective regarding the second part of this 
dissertation, was to evaluate the mitochondrial genome diversity 
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in a specific germ plasm collection. This collection contained 
isocytoplasmic lines containing eleven different sources of 
cytoplasms. Each of these isocytoplasmic lines was backcrossed 
to two different nuclear backgrounds. Also it focus on 
investigating the possibility of the effect of the nuclear genome on 
mitochondrial genome organization. 
Explanation of dissertation format 
The dissertation is presented in an alternative format which 
involves two projects dealing with soybean genetics. The overall 
objective of this research was to develop molecular systems that 
might aid in our understanding of soybean genome organization and 
function. Toward that end, the research addressed soybean genome 
diversity by developing a genetic transformation protocol and 
introducing a transposable element into the nucleus of the soybean. 
Soybean cytoplasmic diversity, evaluated by conducting detailed 
RFLP analysis of mtDNA, was reported in this study. 
In the first section of the dissertation a method of soybean 
regeneration using tissue culture of cotyledons was reported. This 
procedure produced a high percentage of regenerated plants from 
soybean cotyledons in a short period of time compared to the 
published methods. Also reported in this section is a protocol for 
rapid DNA extraction. This procedure was used to isolate DNA from 
very small amounts of fresh plant tissue. The isolated DNA can be 
used to run hundreds of PGR reactions. Additionally a procedure 
for transformation of soybean tissue using Agrobacterium 
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tumefaciens was also developed. This procedure allowed a higher 
efficiency of transformation than most reported procedures. The 
procedure involved integration of the maize transposable element 
Activator (Ac) into the soybean nuclear genome. Integration of the 
Ac element into RO and R1 plants was demonstrated and results 
were presented proving that the element was transmitted sexually, 
and that it followed a Mendelian inheritance pattern. 
In Section II, the pattern of restriction fragment length 
polymorphism (RFLPs) analysis of the soybean mitochondrial 
genome was summarized. The study involves a specific soybean 
germ plasm collection. Different isocytoplasmic lines and their 
cytoplasmic and nuclear parents were used. The primary objective 
was to evaluate the mitochondrial genome diversity in this 
collection. Another objective was to examine the possible effect 
of the nuclear background of these lines on mitochondrial genome 
organization. 
In this section an experiment to verify the purity of the 
cytoplasm was reported based on a previous report, using clones of 
mung bean chloroplast DNA. The mitochondrial RFLP groups 
detected in soybean germ plasm were reported in this study. 
Together these two independent projects provide insight on 
the diversity of the soybean germ plasm. The results obtained 
from this research provide valuable information towards 
understanding the variability and organization of the soybean 
genome. 
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SECTION I 
INSERTION OF THE ACTIVATOR (AC) TRANSPOSABLE 
ELEMENT INTO SOYBEAN [Glycine max (L). Merr.]: 
REGENERATION, TRANSFORMATION, AND DETECTION 
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ABSTRACT 
The maize transposable element Ag. was introduced into soybean 
plants using Agrobacterium tumefaciens T-DNA. Cotyledons were 
inoculated with Agrobacterium tumefaciens strain A281 harboring 
the binary vectors PZAC1 and PZAC1/R [containing the NPTII 
(neomycin phosphotransferase II) gene, ^-Glucuronidase gene, and 
the Ac. maize transposable element]. The method of transformation 
does not require intermediate callus formation steps; instead, it 
involves inoculation of the embryo axis at the point of attachment 
to the cotyledons. Multiple shoots were produced from this region. 
Identification of RO plants carrying the Ag. element was done by 
Polymerase Chain Reaction (PCR) amplification of an internal 
fragment of the As. sequence. The PCR assay indicated the 
presence of the As element in the soybean RO genome. Southern 
blot analysis of the genomic DNA isolated from R1 plants indicated 
integration and sexual transmission of the whole transferred DNA 
(NPTII, 35S promoter, A£ element, Nos-P, Nos-T, and GUS gene) 
into the soybean genome. 
The frequency of transformation was 24% (with PZAC1), and 
10% (with PZAC1/R) of the regenerated plants that survived 
several cycles of kanamycin selection. Based on GUS assays, the 
Aq. element was found to be relatively active in some of the 
soybean R1 plants. Blue sectors were detected in two individually 
transformed plants. Detection of GUS activity in some of the leaf 
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tissue of the R1 transgenic plants indicated excision of the As. 
element from the untranslated leader sequence of the GUS gene. 
The As. element followed a Mendelian pattern of inheritance, 
segregating in a 3:1 ratio in R1 progeny. 
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INTRODUCTION 
The soybean {Glycine max L. Merr.) is one of the major oilseed 
crops of the world, providing approximately 60% of the world's 
supply of vegetable protein and 30% of the oil (Fehr, 1989). 
Conventional plant breeding techniques have been directed towards 
improving overall seed yield, seed protein and oil content, and 
resistance to insects and diseases. Soybean plant regeneration 
systems can be used to achieve further improvement either by 
using tissue culture as a direct approach for selecting desirable 
traits, or by transfer of genetic information into cultured plant 
tissue followed by regeneration of viable plants. 
The soybean is of particular interest to researchers because 
of its wide distribution, annual yields, range of useful products, 
and reduced requirement for nitrogen fertilizer. The production of 
genetic variation by transformation of Glycine max, followed by 
backcrossing and selection could result in major improvements of 
many traits. 
While there are numerous reports of regenerating plants from 
tissue expiants, cultured cells, and protoplasts of many plant 
species, the soybean has been recalcitrant to procedures that have 
been successfully applied to other species. Successful application 
of standard genetic engineering procedures to the soybean has been 
limited by the lack of an efficient transformation and regeneration 
system. 
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Various tissue explants have been tested as sources of 
multiple shooting, but induction of adventitious budding and 
subsequent plant formation has been restricted to seedling tissue 
such as cotyledonary axillary bud expiants (Evans, 1981), 
cotyledonary node segments (Cheng et al.,1980), and hypocotyl 
sections (Kimball and Bingham, 1973). 
Several groups have recently developed methods for 
transformation and regeneration of soybean tissue (Brawale et al., 
1986; Lazzeri et al., 1985; Wei and Xu, 1988). Newell and Luu 
(1985) reported isolation of protoplasts from seedling hypocotyls 
of Glycine canescens which later developed into multicellular 
colonies, calli, and shoots. The frequency of regeneration was low 
but reproducible. A regeneration procedure by organogenesis in 
Glycine max was described by Wright et al. (1986). They were able 
to obtained viable soybean plants from calli derived from 
immature embryos. The regeneration, which occured via 
embryogenesis or organogenesis, was successful in regeneration of 
viable, fertile plants in 54 soybean genotypes. 
Wright et al. (1987) reported a successful technique for 
initiation and proliferation of soybean shoot epicotyl tissue. 
Fertile plants were recovered from shoots developed from epicotyl 
section derived callus. 
Finer (1988) described a method for initiation of somatic 
embryos from immature zygotic embryos of soybean. Somatic 
embryos were observed four weeks after cultures were initiated. 
Secondary somatic embryos proliferated following transfer from 
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the apical or terminal portions of older primary somatic embryos. 
Embryonic suspension cultures of soybean were developed by Finer 
and Nagasawa (1988). The culture grew rapidly and consisted 
almost entirely of clumps of proliferating globular embryos with 
very little nonembryonic tissues. 
Transfer of genetic materials into plant tissues has been 
attempted by several methods; chemically induced direct DNA 
uptake (Crossway et al., 1986), electroporation (Fromm et al., 
1986), microprojectiles (Klein et al., 1987), or by more widely 
used Agrobacterium-rr\e6\ateô T-DNA transfers (Fraley et al., 
1983). The Agrobacterium-medlaXed gene transfer system would 
appear to have some advantages because the soybean is a dicot and 
thus is susceptible to Agrobacterium infection. However, 
infectivity tests show that not all Agrobacterium strains can 
readily infect soybean tissue (Byrne, et al., 1987; Facciotti et al., 
1985; Murai et al., 1983). 
Agrobacterium tumefaciens has been used as a tool to insert 
genes into plant genomes. Agrobacterium is preferred to other 
transformation systems for many reasons. First, the stability of 
the expression on the inserted genes is more likely to be higher 
than genes inserted through particle gun bombardment. Secondly, 
the DNA can be introduced into whole plant tissue which obviates 
the need for protoplasts. The integration of the T-DNA is a 
relatively precise process. The presence of the tumer inducing (Ti) 
plasmid in Agrobacterium, and the left and the right borders of the 
T-DNA facilitate the integration of the T-DNA into plant genome. 
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Agrobacterium strains found to be most effective for 
infection of soybean cultivars are the nopaline-type which encode 
for synthesis of the novel amino acid nopaline (Depicker et al., 
1982). Development of successful systems for producing 
transgenic plants depends upon (a) construction of chimeric genes 
that are functional in plant cells; (b) development of techniques 
that allow efficient delivery of these genes to plant cells; and (c) 
development of methods for culturing cells, selecting transformed 
cells, and regenerating whole plants (Fraley et ai., 1986). 
McCabe et al. (1988), and Chee et al. (1989), developed a 
procedure for transformation of soybean seeds with Agrobacterium 
tumefaciens. Their results indicated successful transformation of 
soybean plants with the neomycin phosphotransferase II (NPTII) 
gene. The percentage of transformed RO plants was 0.7% and only 
10% of these plants yielded transformed R1 plants. 
Development of a method to obtain transformed soybean plants 
that is free of the problems inherent in tissue culture procedures 
like low percentage of regeneration and transformation is 
desirable. Some of tissue culture procedures require long periods 
of time to obtain mature regenerated plants. Development of such 
a method has been the goal of many groups. Strain specificity of 
Agrobacterium in infecting certain plant species is considered a 
disadvantage of this system. 
A method which appears to overcome the deficiencies of 
Agrobacterium-med\a\ed gene transformation of soybean tissue 
culture cells involves the use of DNA-coated microprojectiles. 
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Christou et al. (1989) introduced DNA-coated gold particles 
into meristems of immature soybean seeds using electric 
discharge particle acceleration to produce fertile transgenic 
soybean plants. Two transformed plants were detected, one with 
the E. coli genes for p-Glucuronidase (GUS), and the other with 
NPTII. The other plant was transformed only with the (3-
Glucuronidase gene (GUS). Segregation ratios for the introduced 
genes among progeny of the transformed plants were 
approximately 3:1. 
McCabe et al. (1988), also used particle acceleration by 
electric charge to introduce DNA-coated gold particles into 
meristems of immature soybean seeds. Two percent of the shoots 
derived from these meristems, via organogenesis, were chimeric 
for expression of GUS and NPTII genes. 
In order to improve the soybean genome more rapidly, a 
molecular system must be developed which provides for the study 
of gene expression and gene manipulation. Tagging and cloning of 
genes, using transposable element systems, may be one of the 
primary tools for understanding the soybean genome. Introducing a 
well characterized transposable element into the soybean genome 
should help accomplish this objective. 
Transposable elements were first observed in plants as 
mutable alleles giving rise to chimeric tissue in various plant 
parts. Some degree of understanding of this phenomenon was 
achieved through genetic analysis by McClintock on variegated 
kernels in maize. McClintock determined that a weakened 
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chromosome site could be induced by a second element, the 
regulatory element As. (Activator), at another site. The weakened 
site was found to be the insertion site of a Ds. (Dissociator) 
element. These two elements, A£ and interact as regulated 
events with respect to the specific timing and frequency of 
mutation events. 
The AQ. element has recently been introduced into and shown 
to transpose in tobacco, Arabidopsis, carrot and soybean tissue, 
(Baker et al., 1986; Van Sluys et al., 1987; and Zhou and Atherly, 
1989). A phenotypic assay has also been designed in order to 
detect excision of the Ag, element from the NPTII gene in tobacco 
cells (Baker et al., 1987). Zhou and Atherly (1990) showed that the 
Ac element did excise from the leader region of the GUS gene 
which results in restoration of GUS gene activity. They were able 
to detect sectors expressing GUS gene activity in soybean callus. 
In their study they used PZAC1 and PZAC1/R vectors, which 
contain the Ag. element. Also, they used PZA3, which lacks the 
element but still contains the GUS gene, and the NPTII kanamycin 
resistance gene, as a negative control. 
Transposable elements have considerable potential for use in 
gene tagging, isolating, and cloning unknown plant genes. 
Transposable elements have been used for cloning genes involved in 
anthocyanin biosynthesis pathway in maize (Fedoroff et al., 1984; 
O'Reilly et al., 1984; Martin et al., 1985; and Theres et al., 1987). 
Insertion of transposable elements into plant genomes has 
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provided access to genes for further study that would not 
previously have been possible. 
The objectives of this study were: (1) to develop an efficient 
transformation procedure for soybean (using Agrobacterium 
tumefaciens) which requires no intermediate callus formation 
steps; (2) to insert the maize transposable element Ag. into the 
soybean genome; (3) to prove that the element can be transmitted 
sexually; (4) to study the pattern of segregation of the Ac. element 
in R1 progeny; and (5) to develop a fast method for DNA isolation 
from small amounts of plant tissue sufficient to perform 
polymerase chain reaction amplification of the insert DNA. 
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MATERIALS AND METHODS 
Transformation of soybean cotyledons with 
A. tumefaciens and regeneration of transgenic plants 
Seeds of Glycine max L. Merr. cultivar Peking were surface 
sterilized by soaking in 70% etiianol for 2 minutes, rinsed twice 
with sterile distilled water, then soaked in 20% sodium 
hypochlorite solution for 15 minutes followed by several rinses in 
sterile distilled water. Seeds were then imbibed overnight in 
sterile distilled water at room temperature. Seed coats were 
removed, cotyledons were separated and embryos were removed 
and discarded. Each cotyledon was cut in half. The half cotyledon 
containing the embryo axis attachment point was placed in 
modified MS medium (Murashige and Skoog, 1962) which contained 
5 mg/L 6-benzyl-amino purine (BAP) and 15 g/L sucrose (pH6.5) 
for 24 hours. The cotyledons were then inoculated with cultures 
of the virulent Agrobacterium strain A281 containing the binary 
vectors PZAC1, PZAC1/R (Fig. lA.IB), and PZA3 (Fig. 1C) (Zhou and 
Atherly, 1989). A modification of the inoculation method of 
Hinchee et al. (1988) was used. 
Inoculation was accomplished by inducing wounds with a sterile 
needle at the proximal end of the meristematic region of embryo 
attachment to the cotyledons. The cotyledons were transferred 
into 3.8 cm Petri dishes containing 10 ml of YEP culture (16 g/L 
Figure 1. The circular and the linear maps of Agrobacterium 
tumefaciens vectors used for the inoculation of 
soybean tissue. 
A. Circular restriction map of PZAC1 vector. The 
region between the left and the right border (7.7 kb) 
is not included in this Figure. B. The linear map of 
PZAC1/R vector insert. C. The linear map of PZA3 
vector insert. 
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Bacto-peptone, 16 g/L sodium chloride, and 8 g/L yeast extract, 
pH7,5) cultured with Agrobacterium and incubated for 15 minutes 
at room temperature. 
The cotyledons were blotted on sterile filter paper to remove 
excess liquid then transferred to MS-BAP plates for 48 hours of 
incubation at 26° C. Cotyledons were then transferred to shoot 
induction medium. 
The shoot-induction medium consisted of a modified 
Murashige and Skoog (1962) basal medium, supplemented with 
1 mg/L thiamine HCI, 0.5 mg/L pyridoxine-HCI, 2X MS 
micronutrients salts (including Fe), 2X MS macronutrients salts, 
B5 vitamins (Gamborg et al., 1968), 25 g/L sucrose, and 7 g/L Difco 
Bacto agar (pH7.0). All ingredients were added before autoclaving 
for 16 minutes at 121° C. After autoclaving the medium was 
cooled to approximately 50° C and 10 mg/L carbinicillen and 250 
mg/L cefotaxime (Sigma) were added, mixed, and poured into Petri 
dishes. 
After seven days, cotyledons were transferred to a selection 
medium. The selection medium was the shoot-induction medium 
with 200 mg/L kanamycin. Cotyledons were transferred at 2-
week intervals to fresh selection medium until the expiants were 
ready to transfer to rooting medium. The root induction medium' 
contained MS macronutrient salts, MS micronutrient salts, B5 
vitamins, 10 g/L sucrose, 2 g/L Gel-rite, and 300 mg/L cefotaxime 
(pH5.8). The medium was poured into Magenta boxes (Magenta 
Corporation) at approximately 50 ml each. Multiple shoots from 
2 0  
each cotyledon were excised individually after they reached 1 cm 
in length by dissecting with a sterile surgical knife and 
transferred to rooting medium. Shoots were transferred to fresh 
boxes every 14 days until they formed good root systems. 
Regenerated plantlets with healthy roots were planted in sterile 
vermuculite for 7-14 days and tested for the presence of the A£ 
element using Polymerase Chain Reaction (PGR). Seeds were 
harvested from RO plants (plants regenerated from cotyledons) and 
replanted in pots in the greenhouse to obtain R1 plants (plants 
obtained from seed harvested from RO plants). 
DNA extraction for PGR 
DNA was extracted from one fresh leaf (50 mg or less) of each 
RO and R1 plant as follows. 200 |il of nuclei isolation buffer 
(20 mM Pipes pH7.0, 3 mM MgGl2,0.5 M hexylene glycol, lOmM 
orthophenanthroline, lOmM sodium bisulfate) was added to the 
tissue sample in 1.5 ml microcentrifuge tubes. Using a sterile 
pestle, leaves were ground for 30-45 seconds with slight up and 
down motions until the tissue was evenly macerated. Tubes were 
spun at lOOOOxg in a microcentrifuge for 5 seconds and 20 |il of 
20% Triton X-100 was added and mixed by gently flicking the 
tubes. 250 |il of freshly prepared SDS lysis buffer (1% SDS, lOmM 
EDTA, 50 mM Tris pHS.O, lOmM orthophenanthroline, 10mM sodium 
bisulfate, 10 jig/ml protease K), was added and mixed thoroughly 
by inverting the tube. Tubes were incubated at 65° G for 60 
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minutes. During the incubation period tubes were inverted every 
10-15 minutes. Tubes were spun for 5 seconds in microcentrifuge, 
then 200 ni of 10M ammonium acetate pH7.0, was added to each 
tube, inverted, and chilled on ice for 10 minutes. To precipitate 
the remaining tissue, tubes were spun for 5 minutes in the 
microfuge at lOOOOxg. The supernatant was transferred to fresh 
tubes followed by two extractions; Phenol;Chloroform:lsoamyl 
alcohol (25:24:1 volume) and ChIoroform:lsoamyl alcohol (24:1 
volume), were carried out. The DNA was precipitated with a half-
volume of isopropanol, washed in 70% ethanol, dried, and 
resuspended in 30 iil sterile, distilled water. 
Polymerase Chain Reaction (PGR) 
Two specific oligonucleotide sequences of the Aq. element 
were chosen for amplification and identification of the Ac element 
in soybean genomic DNA of putatively transformed plants. The 
oligonucleotide sequences were selected from the 1.6 kb Hindlll 
fragment within the Ag. element. The first primer 
(GAAGTGCACATCGGATGTATGGCAG) started at the nucleotide 1857, 
and the second (GCCAGTGTGGCGCCCTTCAACATG) at the nucleotide 
2448, 615 base pairs (bp) downstream in the As. sequence (Muller 
et al., 1988). The two oligomers were tested by amplifying the 
615 bp sequence within the Ag. element using 10 ng of the plasmids 
PZA3, PZACI, and PZACI/R and 25 ng of tobacco DNA from tobacco 
plants transformed with the Ac element. PZA3 and untransformed 
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tobacco DNA were used as negative controls and PZAC1, PZAC1/R, 
and transformed tobacco with Aii were used as positive control 
templates. PGR amplification cycles were controlled by a Coy 
Temp-Cycler (Coy Laboratory Products Inc.). The following cycles 
were used; denaturation of duplex DNA at 93° C for 2 minutes, 
followed by primer annealing at 60° C for 45 seconds and extension 
at 72° C for 2.5 minutes. There were 40 cycles of amplification. 
Amplified DNA was then analyzed by agarose gel electrophoresis 
and rechecked by Southern blot hybridization (Southern 1975) with 
a (32p) a dCTP-labeled 1.6 kb Hindlll internal fragment of the A£ 
element which includes the amplified region of the A& element 
(Pohlman et al., 1984). 
Plant genomic DNA preparation and Southern blot analysis 
Genomic DNA was isolated from R1 plants using freeze-dried 
leaves according to the method of Kiem et al. (1988). For Southern 
blot analysis (Southern, 1975), 8 jig of plant DNA were digested 
with restriction enzymes EcoRV. Pvull. Hindlll and PstI using 3 
units of enzyme per iig of DNA. Restriction fragments were 
separated by electrophoresis on 0.8% agarose gels and transferred 
to Zeta-Probe (Bio-Rad) membrane. 
Probes were gel-purified and DNA was isolated from agarose 
using a Gene-Clean kit (Bio-101, La Jolla, California). A 4.5 kb 
BamHI fragment containing the AQ. element and a 1.6 kb internal 
Hindlll fragment (Pohlman et al.,1984) were used as Ac-specific 
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probes. The GUS probe was isolated from pBI221 as a 1.8 kb 
BamHI/SstI fragment. A BamHI/Hindlll 1.3 kb fragment of the 
NPTII sequence (An 1987) was excised from pGA482 and used as 
the NPTII specific probe. A Sall/BamHI 0.9 kb fragment and a 
Sall/EcoRI 0.6 kb fragment of pGA482 were used as specific probes 
for the right and the left border regions of the T-DNA, 
respectively. 
The DNA fragments were labeled with (32p) a-dCTP by 
random primer labeling (Feinberg and Vogelstein, 1983). 
Prehybridization and hybridization were performed at 65° C in 6X 
SSC, 5X Denhardt's solution, 4% SDS, 4% polyethylene glycol (PEG 
8000 MW), 25mM sodium phosphate, pH6.5, and 10 |ig/ml denatured 
Herring sperm DNA. Membranes were washed once with 2X SSC, 
0.1% SDS at 65° C for 15 minutes and twice with O.IX SSC, 0.1% 
SDS at 65° C for 30 minutes each. Autoradiographs were developed 
on X-omat AR film (Kodak) at -70° C with intensifying screens. 
GUS assay 
Histochemical assays of leaves from transgenic R1 plants 
(positive for the presence of the As. element using PCR) were 
conducted using a technique of Jefferson (1987) with modification. 
The primary unifoliate leaves of germinating R1 plants were 
collected from the greenhouse and surface sterilized with a 1% 
sodium hypochlorite solution containing few drops of 20% SDS. 
The leaves were rinsed thoroughly in sterile distilled water. Each 
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leaf was incubated individually in small Petri dishes with 5 ml of 
GUS assay buffer (1 mM5-bromo-4-Chloro-3-indolyl p-D-
glucuronic acid (X-Gluc), 0.1 M NaH2Po4, pH7, 0.5mM potassium 
ferricyanide, 0.5mM ferrocyanide and 10mM EDTA) overnight at 
37° C. The leaves were then fixed in a solution containing 10% 
formaldehyde, 5% glacial acetic acid and 42% ethanol (FAA), for 24 
hours at 4° C. Cells expressing GUS after the transposition of the 
Ac element were expected to produce spots or sectors of blue 
colored leave tissue. 
Segregation analysis of the Ac element using polymerase 
chain reaction 
In order to determine the pattern of segregation of the A_s 
element in RO progeny a sample of 17 R1 plants from positive RO 
plants were selected. This number allowed 99% probability of 
detecting recessive alleles, or in this case the absence of the As 
element (Sedcole, 1977). The number of seeds available from some 
RO plants limited the total number tested. DNA was extracted 
from one young leaf of each R1 plant individually using the 
procedure described for the PGR analysis. The PGR reaction was 
conducted to amplify the 615 bp internal sequence of the Ac 
element. After completion of the PGR cycles, amplified DNA was 
fractionated on a 0.8% agarose gel stained with ethidium bromide 
and visualized with ultra-violet light. Since the As. element is 
expected to exist in RO plants in a hemizygous condition a 
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segregation ratio of 3:1 will be expected in the segregating 
progeny assuming that the A& element was inserted in one homolog 
as one copy or closely linked copies. 
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RESULTS AND DISCUSSION 
Soybean plant regeneration and transformation 
The number of plants regenerated from soybean cotyledons is 
presented in Table 1. The number of shoots per cotyledon differed 
from one cotyledon to another, and ranged from 2-15. Cotyledons 
that regenerated only one shoot were discarded. The total number 
of plants that survived several cycles of kanamycin selection was 
331 (Table 1). Many shoots did not survive the first cycle of 
selection, suggesting that these shoots were not transformed with 
vectors containing the kanamycin resistance gene. 
A transformation percentage of 24 (the percentage of plants 
containing the Ac element from the total surviving plants) was 
obtained when plasmid PZAC1 was used. Plasmid PZAC1/R, which 
lacks the left-border sequence of the T-DNA, resulted in a lower 
transformation percentage of 10. 
Selection of kanamycin resistant shoots 
The use 200 mg/L kanamycin to select for the presence of the 
NPTII gene enabled detection of the probable presence of the NPTII 
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Table 1. A summary of the number of surviving transgenic 
plants regenerated from cotyledons inoculated with 
Agrobacterium tumefaciens containing plasmids PZAC1, 
PZAC1/R, and PZA3, and percentage of regeneration and 
transformation. 
no. no. % no. 
cotyledons regenerated regeneration transformants 
Plasmid inoculated plants 
PZACI 1227 181 14.8 44 (24%)a 
PZACI/R 1156 83 7.2 9 (10%)b 
PZA3 764 67 8 n.t.c 
TOTAL 3147 331 liL52 
3 The percentage of plants containing the Ao. element from the 
total number of regenerated plants when PZAC1 vector was 
used. 
b The percentage of plants containing the Aû element from the 
total number of regenerated plants when PZAC1/R vector was 
used. 
c Not tested. 
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gene in transformed tissue. Inoculated cotyledons were cultured 
on fresh medium containing 200 mg/L of kanamycin every 14 days. 
This provided a continual supply of fresh kanamycin to minimize 
antibiotic depletion and subsequent escapes. Some cells died in 
the beginning of the first cycle of selection. The early signs of 
dead tissue started in and around the inoculated area and then 
spread to the whole cotyledon. The survival of shoots that arose 
from cotyledons after several kanamycin selection cycles 
suggested that those plants had regenerated from transformed 
tissue. 
Identification of RO transformed plants 
To identify putatively transformed soybean plants, genomic 
DNA was isolated nondestructively from leaves of each RO plant. 
All DNA samples were subjected to PGR amplification for the AQ. 
element. PGR amplification analysis of DNA from plants carrying 
the As. element yielded the expected 615 bp fragment (Figure 2A). 
As a further check, DNA was transferred onto nitrocellulose 
membranes and hybridized with a 32p.|abeled 1.6 kb Hindlll 
fragment of the A£. element. All amplified bands hybridized 
strongly with the labeled probe. These results indicated that the 
Figure 2A. Example of Polymerase Chain Reaction amplification of 
the 615 bp Ae. sequence from DNA isolated from RO 
transformed soybean plants. 
Lanes included within the bold solid line represent 
individual RO soybean plants. A 615 bp fragment was 
amplified when the Ag, sequence was present in the genome. 
T-Ac-: untransformed tobacco DNA. PZA3: negative control 
DNA isolated from the PZA3 vector which does not carry the 
Ac element. PZAC1 and PZAC1/R: vectors carrying the A& 
element (positive control). L=Lambda/Hindlll molecular 
weight markers. After amplification, one half of each 
sample was electrophoresed in a 1% agarose gel. 
T-AC-
PZA3 
PZACI 
PZAC/R 
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Ac element was being maintained in the RO plants either by 
intrachromosomal integration or extrachromosomal replication 
within the tissue of these soybean plants (Figure 2B). 
Genomic blot hybridization of R1 plant DNAs 
The most convincing evidence for the integration of the As 
element is transfer of the transgenic genotype from RO plants to 
their sexual progeny. Therefore, further analysis of R1 genomic 
DNA was carried out using Southern blot hybridization. 
Genomic DNA from 58 individual R1 plants related to 58 
individual RO plant was digested with Balll. EcoRV. Pst1. and Pvull 
restriction enzymes which have recognition sites that cut within 
and outside the As sequence. Also, Hind!!! was used to produce 
internal cuts within the Ag, sequence. The size of the T-DNA used 
in this study was large (12 kb), so the use of enzymes that cut 
outside Ag, and GUS sequences would be expected to result in a high 
molecular weight fragment. The genomic DNA was fractionated on 
0.8% agarose gels, blotted onto Zeta-probe membranes, and then 
hybridized with labeled probes. Several probes were used from the 
flanking region of the Ac element including GUS, NPTII, and 35S 
promoter sequences, and the right and the left border sequences. 
The 4.5 kb BamHI fragment, and the 3.0 kb EcoRI/EcoRV fragment 
of the A£ element, and the 1.8 kb BamHI/SstI of the GUS gene 
(Jefferson et al., 1987) were used as specific probes. 
Figure 2B. Souttiern blot hybridization of the PGR gel in Figure 2A. 
DNA from the gel in Figure 2A was transferred onto a Zeta 
probe (Bio-Rad) membrane and hybridized against the 32p. 
labeled 1.6 kb Hindlll internal fragment of the Ac 
element. Hybridizing bands were detected by autoradio­
graphy. 
0,6(5 
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The Hindlll digestion (Figure 3) showed the expected 
fragment sizes of 1.6 kb and 1.4 kb when the 3.0 kb EcoRI/EcoRV 
fragment of the Ac element was used as a probe. This suggests the 
presence of the Ac sequence in the R1 plant genomes. The presence 
of the 1.6 and 1.4 kb Hindlll fragments suggests that the Ac 
sequence has been transmitted sexually to the genome of R1 plants 
through selfing of the RO plants. It also suggests that the A£ 
element has actually integrated into the R1 plant genome. Similar 
fragment sizes are expected when the labeled probe hybridizes to 
an internal fragment within the T-DNA. The restriction enzymes 
used to detect the presence of the Ac element in the soybean 
genome cut the T-DNA into several small fragments. When short 
probes are used from within the T-DNA they will hybridize to the 
same small fragment of the inserted T-DNA regardless of the site 
of integration on the chromosome. In this case they will appear to 
be in the same place on the autoradiograph for all plants. 
Figure 4 shows the Southern blot of transgenic soybean plant 
DNAs digested with PstI and probed with a 1.8 kb BamHI/SstI 
fragment of GUS. Autoradiography showed a 5.5 kb fragment which 
includes the 4.5 kb A^ element and part of the 35S promoter. 
Another 2.0 kb fragment was hybridized to the GUS probe in the 
upstream region. Some plants showed a 1.8 kb band not found in 
any other lane (Figure 4 lanes 'C and 'E'). According to the 
restriction map of PZACI (Figure 1A), PstI will not produce such 
bands. The disappearance of the 2.0 kb fragment in lane 'C might 
Figure 3. Southern blot analysis of Hindlll digested genomic DNA 
isolated from transgenic soybean leaves. 
DNA was isolated from a few leaves of individual R1 
transformed plants then digested with Hindlll and 
fractionated in a 0.8% agarose gel, then transferred onto a 
Bio-Trace filter. The filter was then hybridized against the 
32p-iabeled 3.0 kb EcoRI/EcoRV fragment of the Ag. element. 
Lane '1' represents negative control DNA (untransformed 
DNA). Lanes 'A-H' represent individual transformed R1 
plants derived from different RO plants. L=Lambda/Hindlll 
molecular weight markers. 
Hind III 
Figure 4. Southern analysis of Pstl digested genomic DNA 
isolated from transgenic R1 soybean plant leaves. 
Genomic DNA was isolated from a few leaves from each 
transformed R1 plant and digested with Pstl. The DNA was 
then fractionated in a 0.8% agarose gel, transferred onto 
Bio-Trace membranes and hybridized against a 32p.|abeled 
1.8 kb GUS specific probe. Lanes 'A-0' represent individual 
transformed R1 derived from different RO plants plants. 
X= Lambda/Hindlll molecular weight marker. 
Pétl 
3 9  
be due to excision of the Ag. element followed by re-ligation of the 
GUS and the 35S promoter sequences. Another explanation for the 
different size fragments might be attributed to rearrangement or 
homologous recombination of the genomic DNA in the progeny of RO 
plants. 
Figure 5 shows the Southern blot analysis of a different set of 
transformed plants' DNA digested with PstI and hybridized against 
the 1.8 kb BamHI/SstI GUS fragment. Lanes 'a-g' and 'k-m', and 'P' 
represent single transformed plant, and lane 'h-j' and 'n' represents 
negative control DNA from untransformed soybean plants. The 
expected size fragments were detected in lanes 'a-g'. The GUS 
probe showed a different hybridization pattern from individual 
transformed R1 plants. Some labeled fragments showed strong 
hybridization while others were hardly visible. Also the 1.8 kb 
fragment visible in lane 'c' can be explained by the presence of a 
chimeric tissue within the same plant. A sector of cells might 
contain the A^ element while others do not. The unique 3.0 kb 
band present in lanes 'k-m' and 'o', can only be produced if the Aq 
element excised itself from the transformed DNA and inserted else 
where in the genome very early in the development of the 
transformed plant. Lane 'o' still shows the 5.5 kb fragment with 
low intensity which may be due to delayed excision of the Ae 
element. Delayed excision would allow the development of a small 
sector of cells which still maintain the As. element. 
Figure 5. Southern analysis of PstI digested genomic DNA 
isolated from R1 transgenic soybean leaves. 
DNA was isolated from a few leaves of the transformed R1 
plants. DNA was digested with Pstl. fractionated on a 0.8% 
agarose gel, transferred onto a Bio-Trace membranes and 
hybridized against the 1.8 kb Sstl/BamHI GUS-specific probe. 
Lanes 'a-g', k-m' and 'o' represent individual R1 transformed 
plants derived from different RO plants. Lanes 'h-j' and 'n' 
represent control untransformed soybean DNA. 
LH=Lambda/Hindlll molecular weight markers. 
PstI 
L H a b c d e f g h i  j  k  I m n o  
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The EcoRV digest (Figure 6) showed the expected 6.0 and 3.0 
kb bands when GUS probe was used. This probe hybridizes to the 
6.0 kb fragment that includes part of the GUS gene and part of the 
upstream region. The large 6.0 kb fragment suggests the presence 
of the AJQ. element in R1 plants, therefore suggest the insertion and 
transmission of the entire vector T-DNA region into the soybean 
genome. 
When EcoRV digested DNA was hybridized with a 3.0 kb 
EcoRI/EcoRV probe fragment containing the A£ and GUS sequences 
from PZAC1, different sized bands were obtained (Figure 7). Some 
of these bands were of similar size to those observed when only 
the 1.8 kb GUS probe was used with EcoRV digested DNA. 
There are instances of differences in banding patterns in 
some transformed plants where one or more bands of various sizes 
appeared or disappeared. The reason for this discrepancy may be 
due to the rearrangements that could occur in R1 progeny during 
selfing of the RO plants. These rearrangements or recombination 
events might affect the restriction sites adjacent to the AQ. and 
GUS sequences. The differences might also be due to methylation 
of some restriction sites within and outside the Ac sequence 
which is a common phenomenon with the transposable element As 
(Kunze et al., 1988). 
Another reason for different-size fragments may be the 
excision of the.Aci element from a few leaf cells early in 
development, thus causing a chimera. 
Figure 6. Southern blot analysis of EcoRV digested DNA isolated 
from transgenic R1 plants. 
DNA was isolated from a few leaves of each R1 transformed 
plant, digested with EcoRV and fractionated on a 0.8% 
agarose gel. The DNA was transferred onto Zeta-probe 
membranes and hybridized with the 1.8 kb Sstl/BamHI 
fragment of the GUS gene. Lanes 'A' and 'C-0' represents DNA 
from transformed plants R1 plants derived from different RO 
plants. Lane B represents the negative control. 
A.=Lambda/Hindlll molecular weight marker. 
EcoR V 
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Figure 7. Southern analysis of EcoRV digested genomic DNA 
isolated from transgenic soybean leaf tissues. 
DNA was isolated from a few leaves of each R1 plant 
digested with EcoRV and fractionated in 0.8% agarose gel. 
DNA was transferred onto Bio-Trace membranes and 
hybridized with a 3.0 kb EcoRI/EcoRV fragment of 
PZAC1 containing As. and GUS sequences Lanes 'A-0' 
represent individual R1 transformed plants derived from 
different RO plants. X=Lambda/Hindlll digested molecular 
weight markers. 
EcoRV 
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Maintenance of the As. sequence by genomic integration was 
further demonstrated by the use of enzymes that cut once within 
the As. sequence. Figure 8 shows a genomic blot analysis of DMAs 
isolated from a sample of transformed progeny plants (R1 plants). 
The 4.5 kb BamHI fragment of Ac was used as a probe against Pvull 
digested DNA. Lane 'A' and 'C-Q' represents DNA isolated from 
transformed R1 plants. Lane 'B' represents DNA isolated from a 
nontransformed plant as a negative control. The expected 
fragments of 6.0 and 3.3 kb hybridized to the Ag. probe. The 3.3 kb 
fragment includes 0.7 kb of the As. 5' region and the upstream T-
DNA. The 6.0 kb fragment includes 3.8 kb of the As element and the 
downstream region of the T-DNA, including the entire GUS gene. 
The 3.3 kb fragment was not detected by the probe in some of the 
transformants. However, different fragments were detected with 
different hybridization intensities. These differences in banding 
pattern might also be due to chimeric sectors in some of these 
individual transformed plants as mentioned earlier in GUS 
detection assay. 
Figure 9 shows a genomic blot analysis of DNAs isolated from 
individual transformants digested with Balll and hybridized with 
the 1.8 kb BamHI/Hindlll fragment of pGA482 which contains the 
NPTII sequence. Lane 'A is a negative control DNA from 
nontransformed plants. Lanes 'B-P' represent DNA from individual 
transformed plants. 
Figure 8. Southern analysis of Pvull digested genomic DNA 
isolated from leaves of R1 transformed plants. 
DNA was isolated from a few leaves of R1 transformed 
plants. The DNA was digested with Pvull. fractionated on a 
0.8% agarose gel, transferred to Bio-Trace filter, and 
probed with the 4.5 kb BamHI fragment of the Aq_ element. 
Lanes 'A' and 'C-Q' represent individual R1 transformed 
plants derived from different RO plants. Lane 'B' 
represents a negative control (untransformed soybean DNA). 
XH=Lambda/Hindlll molecular weight markers. 
pvu U 
/ 
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Figure 9. Southern analysis of Bolll digested genomic DNA 
isolated from leaves of R1 transformed plants 
DNA was isolated from a few leaves of R1 transformed 
plants,digested with Balll. and fractionated on a 0.8% 
agarose gel, then transferred onto Bio-Trace membrane. The 
1.8 kb BamHI/Hindlll fragment containing the NPTII 
sequence was used as a probe. Lanes 'B-P' represent 
transformed DNA, and lane 'A' represents nontransformed 
DNA used as a negative control. ^/H=Lambda/ Hindlll 
molecular weight marker. 
Bglll 
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Two fragments of approximately 9.5 and 9.0 kb hybridized 
uniformly but weakly to the NPTII labeled probe. Another fragment 
of 4.0 kb was detected by the labeled probe and it was uniform in 
all lanes. A band of 3.5 kb in lanes 'F-H', and T identified a unique 
hybridization pattern. This band was not visible in any of the 
other DNAs. The 9.5, 9.0, and 4.0 kb fragments were expected since 
Balll has no restriction sites within the A& or the GUS sequence. 
The different size fragments in lanes 'F-H', and 'I' would be 
expected if homologous recombination or rearrangement took place 
in the T-DNA region. Excision of the Ac element from some 
tissues during development could also result in such different 
sized fragments. 
Figure 10 shows the Southern blot analysis of Pvuil-dicested 
genomic DNA hybridized with the 1.8 kb BamHI/Hindlll fragment of 
the NPTII gene. Individuals in lanes 'A-F' represent individual R1 
transformed plants, and lane 'G' represents nontransformed DNA 
used as a negative control. Individuals in lane 'A' and 'B' showed 
different banding patterns than individuals in samples 'C-F'. The 
size of the fragments expected to hybridize with the labeled NPTII 
probe were 2.4, 2.6, and 4.0 kb. These fragments include part of the 
Ac element upstream region where Pvull cut in the upstream 
sequence of the Ac element and within NPTII gene as well. This 
indicates that the NPTII gene has been stably integrated since it 
was inherited by the R1 progeny plants of transformed soybean. 
Figure 10. Southern analysis of Pvull-diaested genomic DNA 
isolated from leaves of transgenic R1 plants 
Examples of a few DNA samples isolated from individual R1 
plant leaves. DNA was digested with JPvy.ll and fractionated 
in a 0.8% agarose gel, transferred onto Bio-Trace 
membranes and hybridized against a 32p.|abeled 1.8 kb 
BamHI/Hindlll fragment from PGA482 which contains the 
NPTII sequence. Lanes 'A-F' represent individual R1 plants 
derived from different RO plants. Lane 'G' represents 
untransformed soybean DNA. A.H=Lambda/Hindlll molecular 
weight markers. 
«ewaajs-
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PGR detection and southern blot hybridization analysis of all 
transformed soybean plants DNA confirmed the integration of the 
Ac element into the soybean nuclear genome. Examination of all 
autoradiographs indicated that the A^ element was present in more 
than one copy in all plants (based on the intensity of the 
hybridizing bands). However, tests have not been done to estimate 
the actual copy number inserted in the genome. 
The site of integration of the Ac element was expected to be 
different from one transformed plant to another. But the enzyme-
probe combination used in this study did not allow the 
determination of multiple integration sites. All restriction 
enzymes cut within the T-DNA, and the specific, small-size probes 
were considered as limited factors in detecting multiple 
integration sites. The small-size probes always hybridize to the 
same internal fragment of the T-DNA created by certain enzymes 
regardless of the site of integration of the insert. There are 
different approaches that could confirm the multiple integration 
sites of the Ac element, one of these approaches is the use of a 
'rare-cutter' restriction enzyme with pulse-field electrophoresis 
which could facilitate separation of large DNA fragments which 
might contain single insertion of the Ac element. 
The different size fragments shown in some of the 
autoradiographs, which were not related to the restriction map of 
the T-DNA, indicated the possibility of homologous rearrangement 
of the whole T-DNA. This might explain the hybridization of some 
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DNA fragments to the labeled probes when certain restriction 
enzymes are used to cut the T-DNA. 
GUS activity detection 
The GUS assay was performed on a unifoliate leaf from each 
positive soybean R1 plant as mentioned in materials and methods. 
One young leaflet from the first trifoliate was also tested. One 
hundred forty-four leaves were tested; two leaves expressed GUS 
activity as a blue sectors of cells. GUS expression indicates that 
the Ac element was able to excise itself from the leader sequence 
of the GUS gene which resulted in the full expression of the GUS 
gene in this sector. 
Segregation of the Ac. element in R1 plants 
Agarose gels (Figure 11) showed amplification of a 615 bp 
fragment from a number of R1 plants. The photograph represents 
17 R1 plants descended from one RO plant. After calculating Chi-
square values for the number of positive plants, the hypothesis of 
3:1 segregation fit the observed results. This suggested that the 
Ac element was actually incorporated into the soybean genome and 
that it segregated in a Mendelian pattern (Table 2). 
Figure 11. PGR amplification of soybean RO progeny genomic 
DNA. 
Genomic DNA from 17 R1 soybean plants was isolated and 
subjected to PGR amplification using two oligomer primers 
specific for amplification of a 615 bp internal Ao. fragment. 
After PGR one half of each sample was electrophoresed in a 
1% agarose gel and the ethidium bromide stained gel was 
visualized with UV light. L=Lambda/Hindlll molecular 
weight markers. PZA3 and Peking represent negative 
control, and PZAG1 and T-Ac positive control DMAs. The 
lanes indicated by the arrow represent individual R1 plants. 
I Ot 
PZAC1 
PZA3 
Peking 
T-AC 
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Table 2. Chi-square values (%2) for the segregation of the Ac 
element in R1 plants determined by PGR. 
RO All-positive Ail-negative 
Plant # QbS, EfP, Qbs. Total 
93 1 0 12.75 0.59 7 4.25 1.78 2.37 
98 1 2 12.75 0.05 5 4.25 0.13 0.18 
1 1 1 1 2 12.75 0.05 5 4.25 0.13 0.18 
207 1 2 12.75 0.05 7 4.25 1.78 2.37 
217 1 1 12.75 0.24 6 4.25 0.72 0.96 
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SUMMARY 
Soybean {Glycine max L. Merr.) is considered one of the major 
crops in the world. Its wide distribution, annual yield and 
production, and the variety of useful products derived from 
soybean has attracted large numbers of researchers to improve 
this important crop. There are many approaches which researchers 
are following to improve yield and quality of soybean. One of these 
approaches involves providing more genetic information which can 
help in understanding gene expression and function in soybean. This 
might enhance the progress in improving desirable traits of this 
crop. 
This research presented an effort to establish a molecular 
system for tagging and cloning genes from soybean. The As. maize 
transposable element was used to achieve this goal. The Ac 
element was cloned into a binary vector of Agrobacterium 
tumefaciens strain 288 which was used to infect soybean tissue. 
Three different vectors of A. tumefaciens were used for 
transformation, PZAC1, and PZAC1/R (which carries the AQ 
element, NPTII gene and GUS gene), and PZA3 (which carry NPTII 
and GUS gene as a negative control for As, element). 
This research also developed transformation procedure of 
soybean tissue culture. The method of transformation requires no 
callus formation steps. Direct inoculation of soybean cotyledons 
enhanced the production of multiple shoots from the meristematic 
tissue of the cotyledons. These multiple shoots were dissected 
and processed to mature plants in the greenhouse. 
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To detect transformed soybean plants, DNA was extracted 
from one leaf from individual regenerated plant. PGR amplification 
was used to amplify 615 bp internal fragment of the A& element. 
The PGR analysis identified number of RO plants that contain the 
Ac element in their genome. An amplified fragment of 615 bp was 
detected in the amplification products when visualized in ethidium 
bromide-stained agarose gel. 
To detect the transmission of the Aq. element to R1 plants, 
Southern blot hybridization was used. A number of probes 
representing fragments from all genes within the T-DNA were used 
as probes to detect the insertion and the integration of the T-DNA 
(including the Ac. element) into soybean genome. The results 
indicated that the Ac element was integrated and transmitted to 
the R1 plant genome. The percentage of transformation was 24 and 
10% of the total number of regenerated plants when PZAC1 and 
PZAG1/R were used respectively. 
The transposition of the A^ element in R1 plants was 
detected by GUS assay. The results indicated that the Aq, element 
was found to be relatively active in two soybean plants. Blue 
sectors were detected in leaves of these individual transformed 
plants. The transposition of the Ac element from the leader 
sequence of the GUS gene restores its expression and causes the 
blue sectors. The Ac element was expected to segregate in a 3:1 
ratio since it is expected to be present in hemizygous condition in 
soybean genome. An experiment was designed to detect the 
segregation of the Ac element in R1 progeny. A minimum number 
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of 17 plants were tested In order to recover the homozygous 
recessive (plants which lack the Ag, element). PGR assay was used 
to detect the presence of the As. element in these plants. The 
results indicated that the às. element is segregating in 3:1 ratio in 
R1 plants. This indicated that the j\c element followed a Mendelian 
pattern of inheritance in R1 progeny. 
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SECTION II 
RESTRICTION FRAGMENT LENGTH POLYMORPHISM OF SOYBEAN 
MITOCHONDRIAL DNA WITHIN THE GENUS Glycine SPECIES 
max,  so ja,  AND graci l is .  
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ABSTRACT 
Restriction fragment length polymorphisms (RFLPs) were 
used to detect variability among soybean [Glycine max (L.) Merr.] 
isocytoplasmic lines. Twenty two backcross population (BC5F3) 
were used with their 11 cytoplasmic donors and Clark 63, and 
Harosoy 63 as the nuclear recurrent parents. Glycine max, soja, and 
gracilis were represented among these isocytoplasmic lines. Nine 
DNA clones from maize mitochondrial DNA and 24 mitochondrial 
cosmid library DNAs from Phaseolus vulgaris were used to detect 
RFLP banding patterns. 
Six distinctive mtRFLP groups were identified using cloned 
maize and Phaseolus Df^As. RFLP groups 1, 2, 3, and 6 were 
exclusively G. max accessions. Group 4 was shared between G. max, 
and G. gracilis, while group 5 included only G. soja. The mtRFLP 
analysis was able to detect polymorphism within the same groups 
distinguished by chloroplast DNA diversity. 
A unique banding pattern was observed in some backcross 
lines which carried Harosoy 63 nuclear background. There is a 
possibility that the nuclear genome influenced the mitochondrial 
genome organization. Cloned DNA from the Phaseolus cosmid 
library was more effective in detecting polymorphism. 
Subfragments of cosmids of Phaseolus mtDNA limited the variable 
regions in the mitochondrial master chromosome. Some specific 
subfragments detected a unique polymorphic banding pattern which 
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indicated that the region of variability is limited to specific DNA 
sequence in the mitochondrial genome. 
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INTRODUCTION 
The cultivated soybean [Glycine max (L.) Merr.] is one of the 
major oilseed crops of the world. The crop, which originated in 
China, is currently grown for commercial production in 35 
countries. The soybean seed, which contains roughly 40% protein 
and 20% oil on a dry weight basis, provides approximately two 
thirds of the world supply of vegetable protein and one third of the 
oil (Fehr, 1989). 
Soybean cultivars are grown as pure lines or mixtures of pure 
lines. Cultivar development in North America depended on the use 
of Plant Introductions or selections from Plant Introductions, and 
hybridization and selection. Artificial hybridization is required to 
generate new sources of genetic variability. 
The first observations suggesting that mitochondria, the 
major energy transducing organelles of the plant cell contained 
their own DNA, were made more than 30 years ago. Since then 
considerable progress has been made in analyzing the structure, 
organization, and coding function of the chloroplast genome. 
Comparable studies of the plant mitochondrial genome were 
initiated comparatively recently, due in part to the realization that 
both organellar genomes contain a previously neglected source of 
genetic diversity. 
Mitochondria and chloroplasts are the major sites of energy 
conversion in the plant cell and play a vital metabolic and 
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physiological role during plant growth and differentiation. The 
biogenesis of both organelles requires coordinated expression of 
both nuclear and organellar genomes. While the role of the plastid 
genome in chloroplast biogenesis is becoming increasingly well 
defined, our knowledge of the structure, information content, and 
expression of the plant mitochondrial genome is limited (Leaver et 
al., 1983). 
The plant mitochondrial genome has long presented a puzzle 
to molecular biologists. The structure and function of higher plant 
organelle genomes has been the subject of a rapidly growing 
literature in the last decade. Advances in genetic analysis of 
extrachromosomal traits, the development and application of 
molecular technologies, and the emergence of agronomically 
important considerations are a few of the apparent bases for an 
expanding interest in this aspect of plant biology. 
Plant mitochondrial genomes range from 200-2400 kb in size; 
more than 10 times the size of animal mitochondrial genomes (15-
18 kb) and several times the size of mitochondrial genomes of fungi 
18-78; kb (Gray, 1982). The large size of plant mitochondrial 
genomes presents several problems. Simply determining the 
physical structure of such a large genome is a major challenge, 
especially since recombination events are known to produce several 
different molecular configurations (Leaver et al., 1982). On the 
other hand, the large size per se and the dramatic variation of such 
genomes demands an explanation. 
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Only a few genes in plant mitochondrial genomes are known 
which are not also present in the mitochondria of yeast or animal 
cells. However, the few additional genes known do not begin to 
account for the additional DNA in even the smallest of plant 
mitochondrial genomes (Leaver et al., 1982). 
Changes in the size of the mitochondrial genome seem to occur 
quite rapidly in plant evolution since closely related species 
sometimes have quite different mitochondrial genome sizes. 
Mitochondrial genomes within the same family can vary, as in 
Cucurbitaceae, by at least 10-fold. This variation cannot be 
explained by rapid changes in the amount of repetitive DNA since 
little repeated DNA (less than 10%) was found in any of the 
genomes (Bendich, 1985). Therefore, the mitochondrial genome is 
similar to the chloroplast genome in being composed principally of 
single copy DNA. But, it is like the nuclear genome in its highly 
variable size and its content of "excess" DNA which has no known 
function. 
The complex and variable pattern of mtDNA organization was 
difficult to rationalize until complete restriction maps became 
available. Restriction maps of Brassica and maize mitochondrial 
genomes have been constructed (Palmer and Shields, 1984; Lonsdale 
et al., 1984). They found that the genome contained a set of 
repeated sequences which could be found associated with different 
permutations of flanking sequences defining a set of 
substoichiometric restriction fragments. This data is most 
consistent with a model in which site-specific recombination 
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occurs at the repeated sequences, generating a series of 
subgenomic circular molecules that are in conformational 
equilibrium with each other and with a master circle (Lonsdale, 
1984). 
Synenki et al. (1978) reported that for the mtDNA of soybean 
{Glycine max) circular DNA molecules could be separated into seven 
apparent size classes of 5.9 pim, 10 )im, 12.9 ^im, 16.6 p.m, 20.4 ^im, 
24.5 |im and 29.9 jim. The 16.6 jim size class contained at least 
three separate DNA species. Palmer et ai. (1984) and Lonsdale et 
al. (1983), reported that there is a single major sequence repeated 
in turnip mtDNA, and several major repeated elements in maize 
mtDNA, which are postulated to be sites of intragenomic 
recombination, thereby generating smaller circular subgenomes. It 
is of interest to know if intragenomic recombination is a general 
feature of plant mitochondrial genomes, and also whether 
recombination occurs within the same sequence in different 
species. 
Mitochondria from maize, sorghum, and sugarbeet contain 
small linear or circular DNA molecules in addition to the main 
chromosomal DNA. These can be detected by agarose gel 
electrophoresis of total mtDNA without digestion with restriction 
endonuclease, and may constitute as much as 15% of the total. Two 
linear DNAs, SI (6.4 kb) and S2 (5.4 kb) occur in mitochondria from 
male-sterile maize with 'S' cytoplasm. These DNAs have identical 
208 base pair terminal inverted repeat sequences called S-TIRs 
(Bailey et al., 1986). 
7 5  
Many of the major changes which occur during growth and 
differentiation of higher plants are associated with, or dependent 
upon, marked changes in mitochondrial number, structure, and 
activity. However, very little is known about either the genes 
which code for mitochondrial proteins, or the environmental, 
physiological, and genetic factors which regulate mitochondrial 
biogenesis and coordinate it with plant cell development. 
Progress in our understanding of the organization and 
expression of the plant mitochondrial genome has also been 
stimulated by several lines of evidence which suggest that 
mutations in sorghum and maize lead to failure of the mature plant 
to produce functional pollen (Leaver and Gray, 1982). This 
maternally inherited trait is called cytoplasmic male sterility 
(cms) and is used commercially in the production of hybrid seed 
varieties by eliminating self-fertilization of the seed parent plant. 
However, despite recent progress which has shown that the 
higher plant mitochondrial genome is considerably larger and more 
variable than comparable genomes in other organisms, our detailed 
understanding of mitochondrial genome organization, information 
content, and expression has been obtained from studies on animal 
and fungal mitochondria (Leaver and Gray, 1982; Slonimski et al., 
1982; Attardi, 1981). 
Much recent work has dealt with the way in which mtDNA is 
organized, without reference to its function. These studies have 
provided a necessary foundation for study of function (Bendich, 
1982; Lonsdale et al., 1981). Progress is also being made with the 
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identification of gene products and genes. Most of this progress 
has come about as a result of a comparative approach between 
mitochondria of fungi and plants. This approach has made it 
possible to identify mitochondrial genes by heterologous 
hybridization and sequencing without making any direct connection 
to the polypeptides that they encode (Fox and Leaver, 1981). 
So far, the available information is insufficient to allow 
generalizations to be made about how expression of the various 
genes is coordinated. One important way of obtaining such 
information, other than more detailed analysis of those genes 
already identified, is to study more genes. It would be valuable to 
study mitochondria with mutations affecting gene expression. One 
such mutation is phenotypically observable as cytoplasmic male 
sterility, which in some plant species is determined by 
mitochondrial genes (Leaver and Gray, 1982; Levings, 1983), or 
more accurately, by disruption of an interaction between the 
nuclear and mitochondrial genomes. 
Recombination involving mtDNA direct repeat sequences results 
in the generation of multiple linkage relationships for their 
circular chromosomes. In addition to this intragenomic 
recombination, mtDNA appears to have a remarkable capacity for 
the incorporation of novel sequences from other sources. The 
presence of plastid DNA sequences in mtDNA is one example (Stern 
and Palmer, 1984). In addition, when two different mitochondrial 
types are combined in the same cell, recombinant genomes are 
frequently recovered (Grabau et al.,1988) 
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One type of recombinogenic sequence has been studied in detail. 
The linear plasmids of maize cms-S mitochondria have a profound 
effect on chromosome structure. Linear forms of the main genomic 
mtDNA arise by homologous recombination of the linear plasmids 
with elements present in the chromosomal DNA (SchardI et 
al.,1984). Several 186 bp regions within the high molecular weight 
mtDNA have exact homology to the terminal portion of the 208 bp 
inverted repeats of SI and S2. Recombination at these sites in 
cytoplasmic sterile lines linearizes the genomic mtDNA into 
subgenomic fragments with terminal plasmid sequences. One of 
these recombination elements is located 174 bp from the 5' end of 
subunit-l of the cytochrome oxidase gene (coxl) (Isaac et al., 1985). 
The nuclear genetic background also affects the stoichiometry 
of the coxl-containing restriction fragments, suggesting nuclear 
control of recombination, as well as the tendency for plasmid 
integration and spontaneous reversion to fertility (Escote et al., 
1985). 
Secondary recombination events which integrate the terminal 
plasmid sequences of the linear genomic fragments into the 
circular genomic mtDNA also occur in the cytoplasmic revertant 
lines. Recombination has also generated a novel open reading frame 
in cms-T mitochondria (Dewey et al., 1986). A 3.5 kb sequence has 
been identified that contains sequences homologous to the 
following regions of maize mtDNA; the 5' flanking region of Atp6 
discrete 5' flanking coding and 3' flanking regions of the 26S rRNA 
gene, and the chloroplast tRNAArg gene. A minimum of seven 
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recombination events are required to form this nucleotide sequence. 
The 3.5 kb sequences contain two open reading frames of the 
26S rRNA gene, and would encode a polypeptide of 115 amino acids 
with a molecular weight of 13,000; and 0RF2, comprised of 26S 
rRNA and tRNAArg coding sequences, and which would encode a 
polypeptide of 221 amino acids residues with a molecular weight of 
25 KDa. A probe specific for 0RF2 indicates that there are 
transcripts of this ORF in the mitochondria of all maize cytoplasm 
types as well as in other plants, while 0RF1 is uniquely transcribed 
only in cms-T mitochodria. A 13 kilo dalton (KDa) polypeptide is 
synthesized only by cms-T mitochondria (Forde and Leaver, 1985), 
and probably represents the translation product of this reading 
frame. Thus, the maize mitochondrial genome appears to be highly 
recombinogenic. Nuclear control of mitochondrial DNA 
recombination in maize indicates that nuclear genome products may 
facilitate genetic recombination in the mitochondrion. 
Recombinations are repeatedly observed in cms strains and may 
relate to male sterility by creating novel open reading frames or by 
altering mtDNA replication (Dawson et al., 1986). Small et al., 
(1988) compared the mitochondrial genome organization of a 
number of independent culture-derived fertile cms-S revertants 
with the nuclear genotype W182BN to spontaneous field revertants 
with the genotypes WF9, M825/Ohio 7 or 38-11. Regions of the 
genome around sequences homologous to the terminal repeats of the 
linear S1 and S2 episomes characteristic of cms-S mitochondria 
were used as hybridization probes. They found that the nuclear, not 
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the cytoplasmic genotype of the parent plant affected the type of 
novel mtDNA organization found in the revertant lines. 
Repeated DNA sequences that may be involved in homologous 
recombination events have been identified near, within and 
encompassing mitochondrial genes in a number of plant species, 
maize (Leaver et al., 1985; Dawson et al., 1986; Dewey et al., 
1985), Brassica (Palmer and Shields, 1984), Triticum (Falconet et 
al., 1984, 1985; Bonen et al., 1984), and Oenothera (Manna and 
Brennicke, 1986). Thus, the physical complexity of plant mtDNAs 
appears to arise from genome rearrangements involving homologous 
recombination between repeated DNA sequences. 
RFLP analysis of the chloroplast (ct) DNA sequence diversity 
in soybean within the genus Glycine provided a means for evaluating 
relationships between cultivars and accessions. Close et al. 1989 
used RFLP analysis of ctDNA of Glycine accessions and detected six 
distinct molecular changes. Even though the chloroplast genome is 
characterized by an extremely slow rate of evolution, sequence 
diversity was detected between and within Glycine species (Close 
et al., 1989, and Shoemaker et al., 1988). 
Grabau et al, 1992 reported the use of RFLP analysis of 
soybean mitochondrial DNA to classify soybean cultivars into 
different cytoplasmic groups. The classification was based on 
Southern blot analysis using a cloned 2.3 kb Hindlll DNA probe 
earlier shown to differentiate soybean cultivars. Based on 
hybridization patterns of this probe to mtDNA, 138 soybean 
cultivars were assigned to four distinct cytoplasmic groups 
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The objectives of this study were: (1) to detect intragenic 
sequence diversity in Glycine species max, soja, and gracilis, and to 
determine whether the cytoplasmic diversity determined from 
soybean chloroplast DNA (Shoemaker et al., 1986, and Close et al., 
1989) is related to the cytoplasm diversity based on mtDNA; (2) to 
evaluate cytoplasmic isolines and Plant Introductions for mtDNA 
restriction fragment length polymorphisms (RFLPs); and (3) to 
determine the effect of the nuclear background on the RFLP pattern 
of the mitochondrial genome. This information will provide insight 
on the availability of cytoplasmic diversity within soybean germ 
plasm. Also it might provide valuable information about the 
evolution of the mitochondrial genome in soybean within the genus 
Glycine species max, soja, and gracilis. 
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MATERIALS AND METHODS 
Genetic materials 
Cytoplasmic isolines used in this study were developed by Dr. 
Detroy Green, Iowa State University. The rationale for developing 
these isolines was to study the effect of the cytoplasm on 
important agronomic traits. These traits included morphological 
traits (plant height and leaf width), number of days to physiological 
maturity, oil and protein content, amino acid content, lodging, and 
seed germination rate. 
Five cultivars (lllini, Peking, Medium Green, Virginia, and 
Mandarin) and six Plant Introductions (PI65-388, PI65-549, PI79-
593, PI153-292, PI326-580, and PI424-078) were used as 
cytoplasm donors (Table 1). These cytoplasm sources were grouped 
previously according to chloroplast DNA restriction fragment 
length polymorphisms by Shoemaker et al. (1986). 
Close et al. 1988 grouped some of the accessions used in this 
study into five groups according to mutations observed in the their 
ctDNA. These groups are; 1) lllini and Harosoy 63, 2) Medium green, 
3) Peking, 4) PU53-292, and 5) P179-593. Other accessions used in 
this study were not included in their study. 
Cultivars Clark 63 and Harosoy 63 were used as the nuclear 
donor and recurrent parents. The cytoplasms of these recurrent 
parents were also included in this study for comparison. Each of 
the 11 donor parents was backcrossed to Clark 63 and Harosoy 63 
Table 1. The isocytoplasmic lines, cultivars, and plant introductions used in this study. 
First column on the left represents the BC5F3 backcross lines, the second column 
represents the cytoplasmic donor parents used as a female parents. The third column 
represents the nuclear recurrent parents used as pollinator parents, and the forth 
column represents the soybean species to which the cytoplasmic parents related. 
Backcross lines Parents Cytoplasmic nuclear parents Species 
1X249 mini Harosoy 63 G. Max 
1X250 mini Clark 63 G. Max 
1X235 Mandarin Harosoy 63 G. Max 
1X236 Mandarin Clark 63 G. Max 
1X237 M. Green Harosoy 63 G. Max 
1X238 M. Green Clark 63 G. Max 
1X251 Peking Harosoy 63 G. Max 
1X252 Peking Clark 63 G. Max 
1X253 Virginia Harosoy 63 G. Max 
1X254 Virginia Clark 63 G. Max 
1X241 P165-388 Harosoy 63 G. gracilis 
1X242 P165-388 Clark 63 G. gracilis 
1X257 P165-549 Harosoy 63 G. soja 
1X258 P165-549 Clark 63 G. soja 
1X243 PI79-593 Harosoy 63 G. gracilis 
1X244 P179-593 Clark 63 G. gracilis 
1X247 P1153-292 Harosoy 63 G. gracilis 
1X248 P1153-292 Clark 63 G. gracilis 
1X239 P1326-580 Harosoy 63 G. gracilis 
1X240 P1326-580 Clark 63 G. gracilis 
1X245 P1424-078 Harosoy 63 G. gracilis 
1X246 PI424-078 Clark 63 G. gracilis 
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for five generations. The isolines were allowed to self pollinate to 
obtain BC5F3 lines. Twenty-two backcross lines were produced and 
identified with (IX) numbers (Table 1). 
Isolation and purification of mitochondria and 
mitochondrial DNA 
Mitochondria were isolated according to the procedure of 
Leaver et. al., (1983) with a few modifications for soybeans. Seeds 
of the various soybean genotypes were surface sterilized with 20% 
sodium hypochlorite for 12 minutes, rinsed with tap water, and 
then imbibed overnight in running water. Seeds were germinated in 
darkness at room temperature in sterile vermiculite wetted with a 
sterile tap water. Five to seven-day old etiolated epicotyl and 
hypocotyl tissue was then harvested with sterile scissors, and the 
fresh weight was immediately determined. Seedlings were rinsed 
and imbibed in sterile water, and kept on ice until they were ready 
for grinding. A pre-chilled sterile blender was used to homogenize 
the plant tissue in a grinding buffer (0.4M mannitol, 25mM mops, 
pH7.8, SmM Cysteine-HCI, 1mM EGTA [ethylenebis-
(oxyethlenenitrillo) tetraacetic acid], and 0.1% bovine serum 
albumin (BSA), pH7.8 with 5M KOH). Two ml of grinding buffer are 
required for each gram of fresh weight. 
The plant tissue was homogenized for 1-2 seconds at high speed 
and then for 10 seconds at low speed. The homogenate was filtered 
through four layers of sterile cheesecloth and two layers of sterile 
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miracloth (Calbiochem, LaJolIa, California). Low and high speed 
centrifugations (lOOOXg and 10,000Xg) were used for 5 and 15 
minutes, respectively, to pellet the mitochondria. The 
mitochondrial pellet from the 10,000Xg centrifugation was 
suspended in wash buffer (0.4 M mannitol, 5 mM mops, 1 mM EGTA, 
and 0.1% BSA, pH7.5 with 0.5 M KOH) and overlaid on a discontinuous 
sucrose gradient (0.9 M and 1.45 M sucrose) containing 1 mM EGTA, 
0.1% w/v BSA, and 10 mM N-[2 hydroxy-1, 1-bis-(hydroxy methyl) 
ethyl] glycine (Tricine), pH7.2, and purified by centrifugation at 
40,000Xg in a SW28 rotor or equivalent for 60 minutes. The band at 
the 0.9M/1.45M sucrose interface contained good quality. Intact 
mitochondria. This was determined by in vitro translation 
experiment using maize mitochondria from the upper and the 
0.9M/1.4M interface bands. The lower band always produced intact 
translation products (unpublished results). 
The mitochondrial band was removed using a Pasteur pipette 
and diluted to 0.6M with (0.2M Mannitol, lOmM Tricine-KOH, pH7.2, 
and 1 mMEGTA), then pelleted at 10,000Xg for 15 minutes. The 
purified mitochondria were lysed to extract mitochondrial DNA. 
Four ml of lysing buffer (0.1 M Tris, pH8.6, 50mM EDTA, pH7.6, 
0.1 M NaCI, 1%SDS, and lOmM p-mercapto-ethanol, pHS.O) was added 
to the mitochondrial pellete in a 15 ml tube. To lyse the 
mitochondria the tubes were incubated at 65® C for 30 minutes. To 
precipitate proteins and mitochondrial membranes, the samples 
were cooled to room temperature and 1/4 volume of 5M potassium 
acetate was added. Tubes were then incubated on ice for at least 
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15 minutes. Tine lysed mitocliondria became viscous at tliis stage. 
To recover the mtDNA, samples were centrifuged at 10,000Xg for 
20 minutes. The upper clear layer was transferred to fresh tubes 
using a wide-bore pipette. To precipitate mtDNA, 1/20 volume of 
5M sodium acetate and 1/2 volume of isopropanol were added and 
mixed gently by inversion. Samples were incubated at -20° C for at 
least 1 hour. The mtDNA was pelleted by centrifugation at 
10,000Xg for 30 minutes. The pellet was washed with 70% ethanol, 
dried and resuspended in 700 |il of '50/10' buffer (50mM Tris pH8.6 
and lOmM EDTA, pH7.6) and transferred to 1.5 ml microcentrifuge 
tubes. To precipitate the mtDNA, the solution was brought to 0.3 M 
with respect to sodium acetate, and 500 |il of isopropanol was 
added and mixed by inversion. The tubes were then incubated at 
-20° C for at least 1 hour. The mtDNA was again pelleted by 
microcentrifugation at lOOOOxg for 10 minutes then washed with 
70% ethanol, dried, and resuspended in 200 |il of TE buffer, pH7.0. 
Cloned genes and DMA probes 
Cloned maize mitochondria genes were generously provided by 
Dr. C.S. Levings (North Carolina State University), and Dr. C. Leaver 
(University of Edinburgh). The cloned genes, which included the 
genes for the cytochrome oxidase gene subunits I, II, III, 
apocytochrome b reductase (provided by Dr. C. Leaver), and ATPase 
gene Subunit a, 6, and 9,and the 26S, 18S5S rRNAs (provided by Dr. 
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C.S. Levings), were used to probe the mitochondrial genome of 
different soybean isocytoplasmio lines. 
Ninety-six clones from a cosmid library of the mitochondrial 
genome of Phaseolus vulgaris (cloned in the EcoRI site of cosmid 
pHC79) were kindly provided by Dr. Sally Mackenzie (Purdue 
University). A total of 24 cosmids were used as mitochondrial-
specific probes and subfragments from eight of these cosmids 
(Table 2) were further used as specific probes to identify the 
regions of the inserts which gave the polymorphic pattern. 
To verify the identity of the cytoplasmic materials and to 
make sure that the cytoplasm was correctly transferred to the 
backcross lines, four mung bean chloroplast DNA clones (MB-4b, 
MB-10, MB-11, and MB-13) were used. These were provided by Dr. 
Jeff Palmer (University of Indiana, through Dr. J. Doyle, Cornell 
University). The mung bean chloroplast genome is colinear with the 
soybean chloroplast genome, except for a 78 kb inversion that 
involves most of the large single-copy (LSC) region (Palmer et al., 
1988). 
Plant genomic DNA preparation 
Total plant DNA was prepared from lyophilized leaf tissue 
according to the method of Keim et al. (1988). Freeze-dried leaves 
were ground in a sample mill (Tekmar A-10) to a very fine powder. 
One gram of milled tissue was placed in a 50 ml conical tube. To 
each tube, 25 ml of CTAB extraction buffer (50mM Tris, pH8.0, 1% 
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Table 2. Phaseolus mitochondrial cosmids which detect 
polymorphisms among the soybean cytoplasm 
collection cultivars, and Plant Introductions examined. 
The size of the PstI subfragments of the cosmids used 
in this study are presented in kilobase (kb). 
Cosmid Subfragment sizes ( kb) 
PC2 14, 10, 5.2, 3, 2.1, 1.8, 1.6 
PC3 20, 13, 6.7, 3.4 
PCS 21, 9.6, 9.4, 8.6, 6.2 
PCS 11.5, 9.8, 9 
PC10 18, 10.5, 9. 8.3, 2, 1.5 
PCI 3 20, 7.1, 5.7, 3.5 
PC14 12, 7.1, 6.4, 3.3 
PCI 8 20, 10.2, 9.8, 3 
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hexadecyltrimethyl ammonium bromide, 50 mM EDTA, 1 mM 1,10 
O-plienanthroline, 0.7 M NaCI, and 0.1% p-mercaptoetlianol) was 
added, and mixed until the leaf material was fully suspended. The 
sample was then incubated at 60-65° C in a water bath for 60 
minutes. During incubation, samples were gently mixed twice by 
inversion. 
After incubation, samples were cooled to room temperature. 
Then 20 ml of chloroform-isoamyl alcohol (24:1) was added to each 
sample and mixed gently by inversion. Tubes were left for 10 
minutes at room temperature. The phases were separated by 
centrifugation in a swinging bucket rotor for 15 minutes at 3500Xg. 
The upper phase was transferred (by using a wide mouth 
pipette) into another 50 ml tube. To precipitate the DNA, a two-
third volume of isopropanol was added to each tube and mixed 
gently by inversion. The DNA was transferred with a glass rod or a 
long Pastuer pipette into another tube containing 20 ml of 80% 
ethanol and 15 mM ammonium acetate (pH7,5). After 20 minutes 
the DNA was pelleted by centrifugation for 10 minutes at 3500Xg. 
The pellets were then transferred into 1.5 ml microcentrifuge 
tubes and spun briefly to remove any residual ethanol. The DNA was 
dried in a speed vac (Savant), and resuspended in 750 \x\ of TE 
buffer (pH7.0) containing 20 |ig of DNAse free RNase A. 
DNA restriction digestion and blotting 
MtDNA was digested with several restriction endonucleases 
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to find probe-enzyme combinations that would reveal a 
polymorphism. The restriction endonucleases used for primary 
screening to determine the correct probe-enzyme combinations 
were Balll. EcoRI. EcoRV. Hindi!!. Kpn!. Pstl. Pvull. Sad. Sal!. Sstl. 
Tag!, and Xba! (BRL). 
All maize mitochondrial probes and Phaseolus mtDNA cosmids 
were used in combination with all enzymes to determine the ones 
that can detect the highest number of RFLPs. The restriction 
enzymes that detected RFLP groups in soybean mtDNA in 
combination with certain probes are EcoRI. Hindi!!. Pstl. and PvuM. 
The results of the primary screening for only the enzyme-probe 
combination which detected polymorphic groups are presented in 
appendix 1. 
Five |ig of mtDNA were digested with 3 units of restriction 
endonuclease according to the manufacturers' instructions. 
Samples were incubated for 4 hours at 37° C. The DNA was then 
fractionated on a neutral 0.8% agarose gel in TAE (Tris-acetic acid-
EDTA) buffer at 35V for 14-16 hours. Lambda DNA digested with 
Hind!!! restriction endonuclease was used as a molecular weight 
marker. After electrophoresis, the DNA in the gel was blotted onto 
MagnaGraph membranes (Micron Separation Inc.) using 5X SSC buffer 
(0.74 M NaCI, and 0.075 M sodium citrate) for capillary transfer of 
the DNA fragments. Membranes were baked under vacuum at 80° C 
for 1 hour. 
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Two enzymes, Eco RI and Clal. were used to verify the 
polymorphisms predicted for the soybean chloroplast genome (Close 
et al., 1989). The two enzymes were used to digest the Chloroplast 
genomic DNA of all lines. Eight |ig of DNA from each line were 
digested using 3 units of enzyme per |ig of DNA and incubated for 4 
hours at 37°C. Restriction fragments were then separated on a 
neutral 0.7% agarose gel in TAE buffer at 40V for 12-14 hours. DNA 
fragments were then transferred onto Zeta Probe membranes(Bio-
Rad) using 8X SSC. Membranes were then baked for 1.5 hours under 
vacuum at 80° C. 
Preparation of radioactive probes and hybridization 
DNA probes were isolated as plasmids by alkaline lysis 
(Maniatis,1989), and/or as specific fragments by isolation from 
low melting agarose minigels. All probes were labeled with (32p)-
adCTP by random hexamer primer extensions (Feinberg and 
Vogelstien, 1983, in a 50 |il reaction mixture. The reaction mixture 
was then incubated at room temperature for up to 4 hours, and 
efficiency of probe labelling checked using thin layer 
chromatography (TLC). TLC sheets were exposed to X-ray film to 
determine the success of the 32p.(xdCTP incorporation prior to 
adding probes to the prehybridization buffer. 
Blots were prehybridized for several hours at 65° C in 25 
ml/480 cm2 blot of 5X SSC, IX Denhardt's solution (0.02% Ficoll 
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400, 0.02% Polyvinylpyrrolidone, 0.02% BSA), 2% SDS, and 100 
|ig/ml denatured Herring sperm DNA. 
The labeled probes were then denatured by incubating at 
100°C for 5 minutes, chilled on ice, and then added to the 
prehybridization solution. Hybridization was carried out overnight 
at 65° C. The blots were then removed and rinsed in 2X SSC, 0.5% 
SDS two times for 5 minutes each at room temperature and three 
times with O.IX SSC, 0.1% SDS for 15 minutes each at 65° C for 
mitochondrial blots, and with 0.25X SSC, 0.1% SDS at 60° C for 
total plant DNA blots. 
The membranes were blotted dry, wrapped in plastic wrap, 
and exposed to X-Omat AR film (Kodak) with an intensifying screen 
for a few hours. For reuse, the blots were stripped with 0.1 N NaOH, 
0.1% SDS for 10 minutes at 55° C, 5X SSC for 20 minutes at room 
temperature (for the mitochondrial DNA blots), and 0.1 N NaOH, 
0.1%SDS for 5 minutes at room temperature (for the total plant DNA 
blots). The blots were prehybridized and hybridized as described 
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RESULTS AND DISCUSSION 
Mitochondrial DNA from 35 soybean-isocytoplasmic lines, 
cultivars, and Plant Introductions were screened by single 
digestion with the restriction endonucleases Bqlll. EcoRI. EcoRV. 
Hindlll. Konl. PstI, Pvull. Sad. Sail, Ssil, Taql. and Xbal. Two 
different sets of probes were used to detect DNA polymorphism in 
the soybean mitochondrial genome. The first set of probes included 
the cloned maize mitochondrial genes Atpa, Atp6, Atp9, Coxl, Coxll, 
Coxlll, CoB, 26rRNA and 18S5S rRNA. The second set of probes 
included a total of 24 cosmids were hybridized against all 
isocytoplasmic soybean mtDNAs. All enzyme-probe combinations 
were used in the preliminary screening for RFLP groups. Only the 
ones that detected polymorphism between soybean accessions were 
presented in this dissertation. 
Mung bean chloroplast DNA probes 
Soybean genomic DNA isolated from all isocytoplasmic lines 
was digested with Clal and EcoRI and probed with mung bean 
chloroplast probes. The results were expected to provide a 
correlation with observations of cytoplasmic diversity based on the 
diversity of the chloroplast genome determined in previous studies 
by Close et al., (1989), and Shoemaker et al., (1988). This will 
confirm the purity of the cytoplasms under study. 
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To determine whether the cytoplasm had been transferred 
correctly during backcrossing, or whether there was any seed 
mixture which might interfere with the interpretation of the 
results, four chloroplast probes from mung bean shown 
previously to detect polymorphic fragments among different 
cytoplasmic lines were used (Close et a!., 1989). The probes used 
in this study were MB-4b, MB-10, MB-11, and MB-13 (Close et 
al.,1989). 
Figure 1 shows the Southern blot analysis of EcoRI digested 
mtDNA from the soybean-isocytoplasmic lines, cultivars, and Plant 
Introductions hybridized with the mung bean MB-4b chloroplast 
fragment. The pattern of hybridization agreed with the results 
reported for the cytoplasm donors (Close et al., 1989). In that 
study, mini, Clark 63, Harosoy 63, and Mandarin fell into the same 
group. Specifically, with the enzyme EcoRI. Shoemaker et al. 
(1988) demonstrated that Medium Green and PI424-078 also fit 
into this group. This group can be distinguished by the presence of 
a 4.8 kb fragment in addition to the 4.7 kb fragment present in all 
cytoplasms under study. Peking, Virginia, PI65-549, PI65-388, and 
PI326-580 fall into the same group when the MB-4b probe is used, 
and PI79593 is distinguished from those accessions (Close et al., 
1989; Shoemaker et al., 1988). 
The comparison of the banding pattern of the cytoplasmic 
donors used by Close et al. (1988) and Shoemaker et al. (1986) with 
the cytoplasm donors used in this experiment indicated that the 
banding pattern was the same when EcoRI-MB 4b enzyme probe 
Figure 1. Soutliern blot analysis of soybean genomic 
DMAs digested with restriction endonuclease EcoRI. 
Comparison of the genomic DNAs of the BC5F3 soybean-
isocytoplasmic lines (represented by (IX) numbers), their 
cytoplasmic donors, and Clark 63 and Harosoy 63 
nuclear recurrent parents. DNA was extracted from 
freeze-dried leaves and digested with restriction 
endonuclease EcoRI. Digests were fractionated on a 0.7% 
agarose gel and transferred to Zeta-probe membranes. The 
mung bean chloroplast MB-4b cloned fragment was used as 
the hybridization probe. l/H=Lambda/Hindlll molecular 
weight marker. (M. Green = Medium Green; Mandrin = 
Mandarin). 
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combination was used. This indicated that the cytoplasm of these 
accessions is the same as the one used by Close et al. (1988). In 
other words, the cytoplasm of the cultivars and the Plant 
Introductions were used as cytoplasm donors was correct. 
However, the unexpected mitochondrial DNA bands in the 
backcross lines which received this cytoplasm might result from 
other factors. To make sure that the cytoplasm donor carries pure 
and not mixed or altered cytoplasm, all enzyme-probe combination 
used by Close et al. 1988 must be used to determine this purity. 
The reason for doing this is that some of the mung bean chloroplast 
probes in combination with the restriction enzymes they used 
might not be able to detect the mixed cytoplasm. 
Figure 2 shows the Southern blot analysis of the EcoRI 
digested DNA of the soybean-isocytoplasmic lines, cultivars, and 
Plant Introductions. The MB-10 chloroplast cloned fragment was 
used as the hybridization probe. The hybridization pattern with 
this probe was similar to that of Close et al. (1989), except for the 
backcross line 1X247 where an additional band of 4.7 kb was visible. 
This band was visible in 29 other lanes including both nuclear 
recurrent parent Clark 63 and Harosoy 63. If the hypothesis of 
paternal transmission of the chloroplast genome is true we would 
expect both backcross lines 1X247 and 1X248 to have this fragment 
and also all other backcrosses which in this case did not show the 
4.7 kb fragment. 
There are two possible reasons for this band, either it is 
the result of a seed mixture with other isolines containing this 
Figure 2. Southern blot analysis of soybean genomic DNAs 
digested with restriction endonuclease EcoRI. 
Comparison of the genomic DNAs of the BC5F3 soybean-
isocytoplasmic lines represented by (IX) numbers, their 
cytoplasmic donors, and Clark 63 and Harosoy 63 
nuclear recurrent parents. DNA was extracted from 
freeze-dried leaves and digested with restriction 
endonuclease EcoRI. The digests were fractionated on a 
0.7% agarose gel overnight, and then transferred to Zeta-
Probe membrane. The mung bean chloroplast MB-10 cloned 
fragment was used as the hybridization probe. 
l/H=Lambda/Hindlll molecular weight marker. (M. 
Green = Medium Green; Mandrin = Mandarin) 
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fragment or it was a result of rearrangement (which is a very rare) 
in the chloroplast genome. The basis for the first conclusion is 
that the hybridization of the 4.7 kb band was observed only in one 
case among 22 other back cross lines, of which some of them have 
the same nuclear background. If the nuclear parent was able to 
transmit the chloroplast through the pollen grain to one backcross, 
it is likely that the same thing should happen with the other 
backcross lines which belong to the same species G. gracilis. This 
was not the case; only one backcross line in this group showed the 
unexpected 4,7 kb fragment. 
Comparing the intensity of in the 2.4 kb, 1.8 kb, 1.2 kb and 0.6 
kb fragments same backcrosses suggests that the intensity of the 
6.4 kb fragment in 1X247 should have been the same as in the other 
backcross lines. The lower intensity of the 6.4 kb and 4.7 bands 
thus probably results from a lower copy-number due to a 
possibility of seed mixture which expected to be of a small amount 
of seed from other lines that carries this band in their DNA. There 
are other possibilities for the hybridization of the unexpected 
bands. One of which is the possibility of conducting a wrong 
backcross between 1X247 and different cytoplasm parents, not 
PI153-292. 
Figure 3 shows a Southern blot analysis of the soybean 
DNA digested with EcoRI using the MB-11 chloroplast fragment as 
the hybridization probe. The banding pattern detected by this probe 
was similar to the banding pattern detected by the MB-10 probe. 
The reason for this similarity is that mung been chloroplasts probe 
Figure 3. Soutliern blot analysis of soybean genomic DNA digested 
with restriction endonuclease EcoRI. 
Comparison of the genomic DMAs of the BC5F3 soybean-
isocytoplasmic lines represented by (IX) number, their 
cytoplasmic donors, and Clark 63 and Harosoy 63 as the 
nuclear recurrent parents. DNA was extracted from 
freeze-dried leaves and digested with EcoRI restriction 
endonuclease. Digests were fractionated on a 0.7% agarose 
gel overnight, then transferred to Zeta Probe membrane. 
The mung bean chloroplasts MB-11 cloned fragment was 
used as the hybridization probe. k/H=Lambda/Hindlll 
molecular weight marker. (M. Green=Medium Green; 
Mandrin=Mandarin) 
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MB-10 is largely contained within probe MB-11 (Close et al., 1989). 
The banding pattern in Figure 3 agreed with that reported by Close 
et al., except for the backcrossed line 1X247, where two additional 
bands of 4.7 kb and 1.8 kb hybridized with MB-10. 
Figure 4 shows the Southern blot analysis of DNA from 
soybean isocytoplasmic lines, cultivars, and plant introductions 
digested with EcoRI using the MB-13 chloroplast fragment as the 
hybridization probe. This probe did not detect any polymorphic band 
within the isocytoplasmic line suspected of having mixed 
cytoplasm. However, this banding pattern agreed with Close et al., 
(1989) for all isocytoplasmic lines-
Figure 5 shows the Southern blot analysis of Clal digested 
mtDNA from the isocytoplasmic lines when the mung bean MB-4b 
probe was used. The resulting banding patterns agreed with the 
reported results of Close et al., (1989) except for backcross lines 
1X247 and 1X239. The 2.4 kb fragment which hybridized with the 
labeled probe was not present in the cytoplasmic donors PU 53-292 
and P1326-580, respectively. Since the 2.4 kb fragment was visible 
in other backcross lines and in the Clark 63 and Harosoy 63 nuclear 
recurrent parents, we conclude that there probably is a seed 
mixture for these two backcross lines, 1X247 and 1X239. 
Cytoplasmic purity 
The possibility of the transfer of the chloroplast genome 
Figure 4. Southern blot analys.s of soybean genomic DNA digested 
with EcoRI restriction endonuclease. 
Comparison of the genomic DNAs of the BC5F3 soybean-
isocytoplasmic lines represented by (IX) numbers, their 
cytoplasmic donors, and Clark 63 and Harosoy 63 as the 
nuclear recurrent parents. DNA was extracted from 
freeze-dried leaves and digested with EcoRI restriction 
endonuclease. Digests were fractionated on a 0.7% 
agarose gel overnight, and then transferred to Zeta Probe 
membrane. The mung bean chloroplast MB-13 cloned 
fragment was used as the hybridization probe. 
A./H=Lambda/Hindlll molecular weight marker. (M. 
Green=Medium Green; Mandrin=Mandarin). 
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Figure 5. Southern blot analysis of soybean genomic DNA digested 
with Clal restriction endonuclease. 
Comparison of the genomic DNAs of the BC5F3 soybean-
isocytoplasmic lines represented by (IX) numbers, their 
cytoplasmic donors, and Clark 63 and Harosoy 63 
nuclear recurrent parents. DNA was extracted from 
freeze-dried leaves and digested with Clal restriction 
endonuclease. The digests were fractionated on a 0.7% 
agarose gel overnight, and then transferred to Zeta-Probe 
membrane. The mung bean chloroplast MB-4b cloned 
fragment was used as the hybridization probe, 
X/H=Lambda/Hindlll molecular weight marker. 
(M. Green = Medium Green; Mandrin = Mandarin) 
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through pollen grain has been reported in at least 20 plant species 
(Palmer 1985). One example on the parental inheritance of the 
chloroplast genome was reported by Wagner et al. (1987) in 
lodgepole and jack pines. In controlled matings between lodgepole 
as female and jack pine as a pollinator parent, the restriction 
fragment length poly-morphism analysis indicated that 
chloroplasts were inherited paternally. The RFLP analysis of Sail 
and SstI digested ctDNA of eight F1 hybrids suggested that each F1 
hybrid received its chloroplast genome from its paternal parent. 
Thus chloroplast inheritance appears to predominantly paternal in 
F1 interspecific hybrids between lodgepole female parent, and jack 
pine pollinator parent (Wagner et al., 1987). 
Based on restriction fragment length polymorphisms of 
soybean chloroplast genome Hatfield et al. (1985) reported a 
maternal mode of inheritance of organelle DNAs in intraspecific 
reciprocal crosses of Glycine max (PI27890) X G. max (PI290136), 
and in interspecific crosses of G. max (Clark) X G. soja (PI 65549). 
There have been other reports which indicate that plastids 
are inherited maternally in G. max (Palmer and Mascia, 1980; 
Shoemaker et al., 1985). Corriveau, (1986), screened soybean lines 
for potential biparental inheritance of the chloroplast genome. The 
results obtained from seven cultivars or accessions of G. max, and 
one accession of G. soya, indicate that the plastids were inherited 
maternally. So the possibility of seed mixture is the most likely 
explanation of the polymorphic bands in 1X247 and 1X239. 
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The unexpected bands observed in backcross lines 1X247, 
and 1X239 were also observed in 1X249 and 1X258, and their 
cytoplasmic donor lllini (Figure 5). The same 2.4 kb band was 
observed in both nuclear recurrent parents Clark 63, and Harosoy 
63. If the hypothesis of paternal transmission of the chloroplast 
genome is true (which has not been proven in soybean yet), both 
backcross lines of PU 53-292 (1X247 and 1X248) would be expected 
to show the 2.4 fragment. But this was not the case, Only 1X247 
which carries Harosoy 63 nucleus shows this fragment, and not 
1X248 which carries Clark 63 nucleus. 
A similar case applied on Figures 2 and 3. The presence of 
the 4.7 kb in Figure 2, and the 4.7 kb and the 1.8 kb bands in Figure 3 
for 1X247 can confirm the possibility of seed mixture. All 
backcross lines and accessions to the right of lane 1X247 carries 
these bands, including both recurrent parents, Clark 63 and Harosoy 
63. Also all lanes in the upper gel of Figures 2 and 3 contain the 
4.7 kb fragment. If this band is truly transmitted through nuclear 
genome, we would have expected to see this 4.7 kb fragment in all 
lanes of the lower gel in Figures 2 and 3. Since it was only present 
in 1X247, the hypothesis of a possible seed mixture during planting 
or harvesting is the most probable cause of the presence of the 
unexpected bands. All probe data agreed with the possibility of 
seed mixture of 1X247 and 1X239 lines. 
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Maize mitochondrial probes 
Cloned maize mitochondrial genes were used to detect 
polymorphic DNA fragments in the soybean isocytoplasmic lines. 
Figure 6 shows the Southern blot analysis of Hindlll digested 
mtDNA hybridized with the maize mitochondrial cloned gene Atpa. 
A polymorphic band of 2.8 kb was detected with this probe in 
addition to 2 uniform bands of 4.4 and 3.5 kb. This band was visible 
in a group of isolines derived from cytoplasmic sources lllini, 
Medium Green, Mandarin, and PI424-078, and the nuclear recurrent 
parents. Since this band did not correlate to any change in the 
other two non-variable bands, it might be related to the 
mitochondrial chromosomal rearrangement resulting in a new 
polymorphic band. 
Figure 7 shows the Southern blot analysis of the Pvull 
digested mtDNA hybridized with the cloned maize mitochondrial 
gene Atpa. Bands of 4.4 kb and 3.0 kb were detected in all 
isocytoplasmic lines. Another band of about 20 kb hybridized with 
the labeled probe in lines 1X249, 1X250, lllini, 1X237, 1X238, and M. 
Green (upper gel) and 1X236, Mandarin, 1X245, 1X246, P1424-078, 
Clark 63, and Harosoy 63 (bottom gel). The 20 kb band was not 
visible in 1X235 because of imperfect DNA transfer into this part of 
the filter (an air bubble was trapped between the membrane and the 
gel caused an imperfect transfer of the DNA). When this same 
membrane was used with different probes bands at this position 
were missing too. 
Figure 6. Southern blot analysis of soybean mtDNAs 
digested with restriction endonuclease Hindlll. 
Comparison of soybean-isocytoplasmic line mitochondrial 
DNA of the BC5F3 lines which are represented by (IX) 
numbers, their cytoplasmic donors, and Clark 63 and 
Harosoy 63 nuclear recurrent parents. DNA was 
isolated from purified mitochondria, digested with 
Hindlll restriction endonuclease, fractionated on a 0.8% 
agarose gel, and transferred onto a MSI (Micron 
Separation, Incorporated) filter. The maize mitochondrial 
cloned gene Atpa was used as the hybridization probe. 
A./H=Lambda/Hindlll molecular weight marker. (M. Green = 
Medium Green; Mandrin = Mandarin) 
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Figure 7. Soutliern blot analysis of soybean mtDNA 
digested with Pvull restriction endonuclease. 
Comparison of mitochondrial DNA of the BC5F3 soybean-
isocytoplasmic lines which are represented by (IX) 
numbers, their cytoplasmic donors, and Clark 63 and 
Harosoy 63 nuclear recurrent parents. DNA was 
isolated from purified mitochondria, and digested with 
Pvull restriction endonuclease, fractionated on a 0.8% 
agarose gel and transferred onto MSI filter. The cloned 
maize mitochondrial gene Atpa was used as the 
hybridization probe. X/H=Lambda/Hindlll molecular 
weight marker. (M. Green = Medium Green; Mandrin = 
Mandarin). 
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This band was detected as well in the cytoplasmic and the 
nuclear parents of these lines. There were two exceptions; where 
the 20 kb band was present in backcross lines 1X247 and 1X239 
(1X239 and 1X240 was switched by mistake while loading this gel). 
The cytoplasmic donors of 1X247 and 1X239 (PI153-292 and PI326-
580 respectively) did not show this band. 
For 1X247 and 1X239 the chloroplasts RFLP analysis using 
mung bean chloroplast probes, indicated that seed of these crosses 
could be contaminated with seeds from other crosses. But, for the 
backcross 1X240, this 20 kb band might result from rearrangement 
of the mitochondrial master chromosome. This rearrangement 
might cause a relocation of DNA fragments between two inverted 
repeats. This relocation of the same fragment in between two 
inverted repeats might result in the creation of a new restriction 
site and new a DNA fragments in different cytoplasms. 
Figure 8 shows the Southern blot analysis of Pstl-diaested 
mtDNA of the soybean germ plasm under study when the maize 
mt gene Atpa was used as the hybridization probe. This probe 
characterizes the cytoplasmic collection into two different groups; 
1) Isocytoplasmic lines 1X249, 1X250, 1X237, 1X236, 1X237, 1X245, 
1X246, cultivars lllini. Medium Green, Mandarin Clark 63, and 
Harosoy 63, and PI424-078. 2) 1X251 to P1326-580. There were 
exceptions which did not fit into either of these groups. 1X247 and 
Figure 8. Southern blot analysis of soybean mtDNA 
digested with PstI restriction endonuclease. 
Comparison of the mitochondrial DNA of the BC5F3 
soybean isocytoplasmic lines which are represented by 
(IX) numbers, their cytoplasmic donors, and Clark 63 and 
Harosoy 63 nuclear recurrent parents. DNA was 
isolated from purified mitochondria, and digested with 
PstI restriction endonuclease, fractionated on a 0.8% 
agarose gel, and transferred onto an MSI membrane. The 
cloned maize mitochondrial gene, Atpa, was used as 
the hybridization probe. X/H=Lambda/Hindlll molecular 
weight marker. (M. Green = Medium Green; Mandrin = 
Mandarin) 
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1X239 contained a 3.0 l<b fragment not present in their cytoplasmic 
donors. The presence of these bands attributed earlier to seed 
contamination. Also there are 2 bands of 9.7 kb and 9.9 kb which 
hybridize to the labeled probe in 1X248, PI153-292, 1X253, and 
1X254. In 1X248 and PI153-292 it seems that the cytoplasm has 
been transferred to one backcross but not to the other. 
These results demonstrated that 1X247, and 1X239 are 
probably mixed cytoplasms resulted from seed mixture. This 
probably played a role in the appearance of these bands. 1X253 and 
1X254 showed the same fragments but their cytoplasm donor lacked 
these fragments. This could be attributed to a specific 
rearrangement around the Atpa gene in these cytoplasms during 
backcrossing and selfing. 
The Southern blot analysis of Hindlll digested mtDNA 
hybridized with cloned maize mitochondrial Atp6 gene is shown in 
Figure 9. The Atp6 gene in soybean mitochondria is present in two 
copies (Grabau et al., 1988). These two copies share extensive 
homology with the maize Atp6 gene except at their 5' region, A 
distinctive banding pattern was obtained when the Atp6 gene was 
used as a probe. The size of the polymorphic bands in each lane did 
not add up for the missing large size fragments. This indicates 
that the polymorphic band correlated with the Atp6 gene is not a 
point mutation. Rearrangement or relocation of the gene is more 
likely the cause of the present polymorphic pattern. 
Figure 9. Southern blot analysis of soybean mtDNAs 
digested with restriction endonuclease Hindi!!. 
Comparison of the mitochondrial DNA of the BC5F3 soybean 
isocytoplasmic lines which are represented by (IX) numbers, 
their cytoplasmic donors, and Clark 63 and Harosoy 63 
nuclear recurrent parents. DNA was isolated from purified 
mitochondria, digested with restriction endonuclease 
Hindlll. fractionated on a 0.8% agarose gel, and transferred 
onto MSI (Micron Separation Incorporation) membranes. The 
cloned maize Atp6 gene was used as the hybridization probe. 
X/H=Lambda/Hindlll molecular weight markers. (M. Green = 
Medium Green; Mandrin = Mandarin) 
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This enzyme-probe combination divided the germ plasm into 
six different groups. 1) 1X249, 2) 1X250, lllini, 1X235, 1X236, 
Mandarin, Clark 63, and Harosoy 63. 3) 1X237, 1X238, Medium Green, 
1X245, 1X246 and PI424-078. 4) 1X251 to PI65-388 (upper gel), and 
1X243 to PI326-580, 5) 1X257, 1X258, and PI65-549, and 6) 1X253, 
1X242, and 1X258. The bands that distinguished each group are as 
follow; group one has 10.5, 5.0, 3.9, 2.8, 2.0, and 1.6 kb bands. 
Group two showed 2.8, and 1.9 kb fragments while group three can 
be distinguished by the presence of 1.9 kb fragment in addition to a 
1.1 kb common fragment. Group four showed 10.5, 5.0, 3.9, 2.8, and 
1.6 kb bands, and group five can be distinguished by the presence of 
10.5, 3.9, 2.8, and 1.6 kb fragments. Finally group six which showed 
10.5, 5.0, 3.9, 2.8, 1.9, and 1.6 kb fragments. There was one common 
fragment of 1.1 kb which hybridized to the atp6 probe in all lanes 
(Figure 9). 
The presence of these bands might be due to a highly variable 
region surrounding the Atp6 coding region. This variable region 
might be involved in rearrangements of the mitochondrial 
chromosome. The polymorphic DNA fragments are cytoplasm-
specific and are transferred by backcrossing to the backcross lines 
in the same pattern. 
The intensity of the 10.5 kb band in Virginia, PI65-388, and 
1X254 was lower than PI153-292. This probably, due to 
recombination events which occur between repeated sequences in 
the mitochondrial master chromosome. These rearrangements were 
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not consistent between different lines, which result in different 
intensity in the banding pattern. 
The 2.0 kb fragment in 1X253 (which has the Harosoy 63 
nuclear background), and 1X242 and 1X258 (which have Clark 63 
nuclear background), hybridized faintly to the Atp6-labeled probe. 
Also, 1X247 and 1X239 showed the 2kb fragment as did Harosoy 63 
and Clark 63 nuclear backgrounds, respectively. Based on the 
chloroplast DNA analysis, the results showed that 1X247 and 1X239 
were probably contaminated from other isocytoplasmic lines or it 
could be a possibility of transfer of the chloroplast genome via 
pollen grain. Since Clark 63 and Harosoy 63 contain this fragment 
there is a possibility that the nuclear background has some effect 
which results in the faint presence of the 2.0 kb fragment. 
Many rearrangements are likely to have occurred during 
evolution of the plant mitochondrial genome. Rearrangements may 
be the result of recombination in a single plant or possibly a part of 
the normal course of evolution. Also, the presence of two copies of 
the Atp6 gene in a certain location on the master chromosome 
might play a role in the number of recombination points and the 
number of polymorphic DNA fragments we observed. 
Figure 10 shows the Southern blot analysis of PstI 
digested mtDNA of the soybean isocytoplasmic lines when the 
cloned maize gene Atp6 was used as the hybridization probe. This 
probe detected a polymorphic pattern which divided this germ 
plasm into two groups. The polymorphic fragments (12.5 kb, 13.5 
kb, and 20 kb in group one, and 1.6 kb, 5.0 kb, 8.2 kb, 13 kb, and 
Figure 10. Southern blot analysis of the soybean mtDNAs 
digested with PstI restriction endonuclease. 
Comparison of the mitochondrial DNAs of the BC5F3 
soybean-isocytoplasmic lines which are represented by the 
(IX) numbers, their cytoplasmic donors, and Clark 63 and 
Harosoy 63 nuclear recurrent parents. The DNA was 
extracted from purified mitochondria then digested with 
PstI restriction endonuclease. The digests were 
fractionated on a 0.7% agarose gel, and transferred to 
Zeta-Probe filter. The cloned maize mitochondrial gene, 
Atp6, was used as the hybridization probe. X/H= 
Lambda/Hindlll molecular weight marker. (M. Green = 
Medium Green; Mandrin = Mandarin) 
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19 kb) were transferred into all backcrosses in the same pattern 
present in their cytoplasm donors. The difference in the number of 
polymorphic bands between isocytoplasmic lines might be due to 
the relocation of the gene or to separation of the two copies of the 
Atp6 gene on to different subgenomic molecules (Dawson et al., 
1986). 
Figure 11 shows the Southern blot hybridization of the 
Atp6 gene to the soybean mtDNAs digested with Pvuli. Polymorphic 
bands of 6.8 kb and 3.8 kb were present in most of the backcross 
lines, cultivars, and Plant Introductions. These two bands were not 
visible in 1X250, lllini, 1X237, 1X238, and Medium Green (upper gel) 
and 1X235, 1X236, 1X245, 1X246, PI 424-078, Clark 63, and Harosoy 
63 (bottom gel). This indicates that these two polymorphic bands 
are cytoplasmic specific. Assuming that the reason for these 
polymorphic bands is due to a point mutation, a large sized 
fragment would be expected to disappear and be replaced with 
different size fragments due to the deletion or creation of new 
restriction site. This was not the case with this enzyme-probe 
combination. 
One explanation for the 3.8 kb and 6.8 kb fragments (since 
they were associated with a certain cytoplasm), is that they might 
be related to a rearrangement which took place between specific 
repeated sequences during the evolution of these cytoplasms. 
1X249 unexpectedly showed the 6.8 kb and 3.8 kb 
fragments, in addition to the 20 kb fragment which is not expected. 
Figure 11. Soutliern blot analysis of soybean mtDNAs 
digested with Pvull restriction endonuclease. 
Comparison of soybean-isocytoplasmic lines mitochondrial 
DNA of BC5F3 lines which are represented by (IX) numbers, 
their cytoplasmic donors, and Clark 63 and Harosoy 63 
nuclear recurrent parents. DNA was isolated from 
purified mitochondria, digested with Pvull restriction 
endonuclease, fractionated on a 0,8% agarose gel, and 
transferred onto a MSI membrane. The cloned maize 
mitochondrial Atp6 gene, was used as the hybridization 
probe. AyH=Lambda/Hindlll molecular weight marker. 
(M. Green = Medium Green; Mandrin = Mandarin) 
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This isocytoplasmic line has lllini cytoplasm and Harosoy 63 
nuclear background. The presence of these bands is not due to seed 
mixture from other cytoplasms based on the results obtained by the 
mung bean chloroplast probes. There is a possibility that the 
appearance of these bands is related to an effect of the Harosoy 63 
nuclear background of this isocytoplasmic line. 
Phaseolus mitochondrial cosmid clones 
The use of a cosmid library of the Phaseolus mitochondrial 
genome as hybridization probes provided more information about 
soybean mitochondrial genome diversity. From the total of 96 
cosmids, 24 were hybridized to digests of soybean mtDNA with the 
restriction enzymes EcoRI. Hindlll. Pstl. and Pvull. Eight cosmids 
detected a distinctive polymorphic patterns when hybridized to the 
mtDNA. The remaining 16 cosmids probe did not detect any 
polymorphisms with the four restriction enzymes used. Pstl 
subfragments from each of these cosmids were used as 
hybridization probes to identify the region of the cosmid involved 
in the polymorphic banding pattern. 
Figure 12 shows the Southern blot hybridization of EcoRI 
digested mtDNAs hybridized with cosmid PC2. The banding pattern 
indicated that polymorphic bands were distributed between the 
isolines. This probe characterized the isocytoplasmic lines into 
four different groups. 1) 1X249 to M. Green, and 1X235, and 1X236, 
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2) 1X251 to P165-549, 3) 1X243 to PI326-580 (excluding 1X247 and 
1X239), and 4) 1X245 to Harosoy 63. 
Regardless of the nuclear background, the similar 
cytoplasmic groups showed a similar banding pattern. Four bands 
were detected with the PC2 labeled probe in group one (9.9 kb, 4.8 
kb, 2.8 kb, and 1.7 kb). The labeled probe detected 4 bands in group 
two; 9.9 kb, 3.2 kb, 2.8 kb and 1.7 kb. The 4.8 kb fragment that 
hybridized in group one was not observed in the second group. 
Rather, a 3.2 kb fragment hybridized to the PC2 probe. This 
indicated that the labeled fragments could detect a variable region 
in the mitochondrial DNA of these two groups. This region might 
involve recombination or rearrangement of the mtDNA genome or it 
might be simply contain a single mutation detected with the 
enzyme EcoRI. 
The large size of the cosmid insert used as a probe to 
detect the polymorphic banding pattern is the reason behind the 
large number of fragments detected with these probes. Some of 
these inserts are 5-40 kb in size, so they are expected to cover a 
large region in the mitochondrial DNA. It is expected that there are 
variable regions in the mitochondrial master chromosome. These 
cosmid vectors can be very useful in the primary screening of these 
variable regions. 
In group three, additional bands of 4.0 kb, 2.4 kb, and 1.8 kb 
were visible in all individuals of this group in addition to the 2.8 
and 9.9 kb uniform fragments an all lanes. Isocytoplasmic lines 
1X247 and 1X239 showed a 4.8 kb fragment. This band was not 
Figure 12. Southern blot analysis of soybean mtDNAs 
digested with EcoRI restriction endonuclease. 
Comparison of the soybean-isocytoplasmic lines 
mitochondrial DNAs of BC5F3 lines which are represented 
by (IX) numbers, their cytoplasmic donors, and Harosoy 63 
nuclear recurrent parents. DNA was isolated from 
purified mitochondria and digested with EcoRI 
restriction endonuclease, fractionated on a 0.8% 
agarose gel, and transferred to MSI membrane. The 
Phaseolus mitochondrial cosmid PC2 was used as the 
hybridization probe. A./H=Lambda/Hindlll molecular weight 
marker. 
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present in other individuals in the same group. The previously 
stated results indicated that these isolines might have been 
contaminated with seed from other cytoplasm sources which 
contain this particular fragment or it could be a possibility of the 
chloroplast genome transfer through pollen. 
A unique banding pattern was observed when Hindlll-diaested 
mtDNA was hybridized to cosmid PC2 (Figure 13). This probe 
identified six distinctive cytoplasmic groups; 1) 1X249 , 2) 1X250 
and mini , 3) 1X237, 1X238, Medium Green, 1X245, 1X246, and PI424-
078, 4) 1X251 to PI326-580 excluding 1X247 and 1X239, 5) 1X235, 
1X236, Mandarin, and Harosoy 63, and 6) Clark 63. 
The six RFLP groups detected by Hindlll-PC2 hybridization can 
be distinguished by the presence of the following bands; group one 
has 10.6, 9.9, 9.3, and 7.0 kb fragments, while group two showed 
10.6, 9.9 and 9.3 kb fragments. Group three can be distinguished by 
the presence of 3.3, 9.3, 9.9 kb fragments, and group four showed 
7.0 kb polymorphic fragment. Group five showed 9.9, 10.5, and 11.0 
kb fragments, and group six can be distinguished by the presence of 
the 9.9 and 10.5 kb fragments (Figure 13). The fragment size that 
can distinguish the six RFLP groups are presented in table 4. There 
are two common bands shows in all lanes, 2.0 and 4.8 fragments. 
Group one has an extra bands of about 10.6, 9.9, and 9.3 kb 
which distinguished this group from group four. Group three had an 
extra band of 3.3 kb which distinguished it from group five. In 
group three, 1X247 and 1X239 showed a different banding pattern 
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which is not present in the other members within the group. This 
was additional evidence that these two isolines were contaminated 
with seed from either of one of isolines 1X235, 1X236 or Mandarin. 
These isocytoplasms contained the three high molecular 
weight fragments (about 9.3 kb, 9.9 kb and 10.6 kb) present in the 
putatively contaminated isocytoplasmic lines. 
The source of most of the bands within the same group was 
their cytoplasmic donor, except in group one. A polymorphic band of 
7.0 kb was hybridized to the labeled probe in 1X249. This band was 
not observed in the cytoplasmic donor, and it is not attributable to 
seed mixture as demonstrated by the mung bean chloroplast probes. 
The nuclear background of 1X249 is Harosoy 63, so there is a 
possibility that nuclear genome of this isocytoplasmic line played a 
role in the presence of this unique band. 
Also the presence of the 7.0 kb band in group one is not 
correlated to the cytoplasmic donor lllini (which lacks this 
fragment). 1X250 did not show the 7.0 kb fragment. Both 1X249 
and 1X250 have the same cytoplasm but different nuclear 
background. 
The effect of the nuclear genome on the organization of 
maize mitochondrial genome is known, but in soybean this might be 
the first case were the nuclear genome has been shown to play a 
role in the organization of soybean mtDNA. To confirm this 
possibility, a large number of nuclear genomes should be 
transferred to different cytoplasms in order to establish this 
correlation and confirm this hypothesis. 
Figure 13. Soutliern blot analysis of soybean mtDNAs 
digested with Hindlll restriction endonuclease. 
Comparison of soybean-isocytoplasmic lines mtDNA of the 
BC5F3 lines which are represented by (IX) numbers, their 
cytoplasmic donors, and Clark 63 and Harosoy 63 nuclear 
recurrent parents. DNA was isolated from purified 
mitochondria and digested with Hindlll restriction 
endonuclease, fractionated on a 0.8% agarose gel, and 
transferred to MSI membrane. The Phaseolus 
mitochondrial cosmid PC2 was used as the hybridization 
probe. X./H=Lambda/Hindlll molecular weight marker. 
(M. Green = Medium Green; Mandrin = Mandarin) 
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Figure 14 shows the Southern blot analysis of Pvull digested 
mtDNAs hybridized with the 14 kb PstI fragment of PC2 (PC2-6). 
This probe identified six groups in these unique germ plasm. 
1) 1X249, which can be distinguished by the presence of 10.0, 11.8, 
13.0 kb fragments. 2) 1X242, 1X248, and 1X240 showed 10.0, 10.4, 
11.8, and 13.0 kb fragments. 3) 1X250, lllini, 1X238, Medium Green, 
and Clark 63 which showed 11.8 kb fragment. 4) 1X251 to 1X241, 
PI65-388 to PI65-549, PI153-292, PI326-580, 1X235 ,and 1X239 
all showed 10.5 and 11.8 polymorphic bads. 5) 1X237 and PI424-
078 showed 10.5 and 11.8 polymorphic bands. 6) 1X236, Mandarin, 
1X245 and Harosoy 63 which can be recognized by the 9.6, 10.5, and 
11.8 kb fragments. 
Cosmid PC2-6 detected a three bands of 1.2 kb, 4.5 kb, and 8.5 
kb in all isolines. The other high molecular weight polymorphic 
bands (10-13 kb) were cytoplasm-specific. 
The 14 kb PstI fragment of PC2 may posses a variable 
sequence which might be a repeated sequence or a point of specific 
recombination in the mitochondrial master chromosome. The 
diversity between the isolines detected by this probe suggests that 
the mitochondrial genome in these isocytoplasms have experienced 
several rearrangements resulting in a polymorphic banding pattern. 
Southern blot hybridization of Hindlll-diaested mtDNA 
probed with PC3 is presented in Figure 15. This probe identified 4 
cytoplasmic groups. 1) 1X249, 2)1X250 through Medium Green, 3) 
1X251 to PI326-580. and 4) 1X235 to Harosoy 63. 
Figure 14. Southern blot analysis of soybean mtDNA digested 
with Pvull restriction endonuclease. 
Comparison of soybean-isocytoplasmic lines mtDNA of 
BC5F3 lines which are represented by (IX) numbers, their 
cytoplasmic donors, and Clark 63 and Harosoy 63 nuclear 
recurrent parents. DNA was isolated from purified 
mitochondria and digested with Pvull restriction 
endonuclease, fractionated on a 0.8% agarose gel, and 
transferred to MSI membrane. The 14 kb fragment of the 
Phaseolus mitochondrial cosmid PC2 (PC2-6) was used as 
hybridization probe. X/H=Lambda/Hindlll molecular 
weight marker. (M. Green = Medium Green; Mandrin = 
Mandarin) 
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The polymorphic bands which characterized these groups are, 
13.2, 13.0, 12.5, 12.2, and 7.0 kb bands in group one, 13.2, 13.0, 
12.5, and 12.2 kb bands in group two, 12.8 and 7.0 kb bands in group 
three, and 13.2 and 12.5 kb bands in group four. This may indicate 
that these bands are probably the result of rearrangements in 
specific low copy sequences. The low intensity of these bands 
might be attributed to the loss of some of these sequences (if they 
are present in small recombinogenic circles) after several 
generations of backcrossing and selfing. 
Figure 16 shows the Southern blot hybridization of Pvull 
digested mtDNA with the 10 kb PstI fragment of the PC5 cosmid. 
This probe identified four different cytoplasmic groups. 1) 1X249, 
2) 1X250 to Medium Green, and 1X236 to Harosoy 63, 3) 1X251 to 
PI65388 and, 1X243, PI79-593, and 1X240 to 1X235, and 4) 1X257, 
1X258 and PI65-549. These groups can be distinguished by the 
presence of the following bands; 11.0, 10.8, 8.0, 4.9, and 2.8 kb in 
group one, 11.0, 4.9, 2.8 kb in group two, 11.0, 8.0, 4.9, and 2.4 kb in 
group three, and 11.0, 9.9, 4.9, 2.8 kb in group four. 
The banding pattern in all of these groups was inherited 
from the cytoplasmic donor. There were some exceptions, however 
1X249 and 1X235 showed a band of 8.0 kb. The source of this 
fragment was not the cytoplasm or the nuclear donors. This 
suggests that the appearance of the 8.0 kb band In these two lines 
Figure 15. Southern blot analysis of soybean mtDNA 
digested with Hindlll restriction endonuclease. 
Comparison of soybean mtDNA of the BC5F3 lines which are 
represented by (IX) numbers, their cytoplasmic donors, and 
Clark 63 and Harosoy 63 nuclear recurrent parents. DNA 
was isolated from purified mitochondria and digested with 
Hindlll restriction endonuclease, fractionated on a 0.8% 
agarose gel, and transferred to MSI membrane. The 
Phaseolus mitochondrial cosmid PC3 was used as the 
hybridization probe. ?L/H=Lambda/Hindlll molecular weight 
marker. 
(M. Green = Medium Green; Mandrin = Mandarin) 
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Figure 16. Southern blot analysis of soybean mtDNA 
digested with Pvull restriction endonuclease. 
Comparison of soybean mtDNA of the BC5F3 lines which are 
represented by (IX) numbers, their cytoplasmic donors, and 
Clark 63 and Harosoy 63 nuclear recurrent parents. DNA was 
isolated from purified mitochondria and digested with Pvull 
restriction endonuclease, fractionated on a 0.8% agarose 
gel, and transferred to MSI membrane. The 10 kb PstI 
fragment of the Phaseolus mitochondrial cosmid PCS was 
used as the hybridization probe. X/H=Lambda/Hindlll 
molecular weight marker. (M. Green = Medium Green; Mandrin= 
Mandarin) 
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might be correlated with a specific rearrangement which occurred 
during cycles of backcrossing. The 8.0 kb fragment hybridized to 
the labeled probe in other isoiines and their cytoplasmic donors. 
This also suggests that the presence of variable region might have 
caused this rearrangement, or that inverted repeats flanking the 
8.0 kb fragment may have recombined in 1X248 and 1X235. Another 
possible interpretation of the presence of the 8.0 kb band is that 
since both isoiines containing this band have Harosoy 63 nuclear 
backgrounds, there might be an effect of the nuclear background on 
the configuration of this particular region of the mitochondrial 
genome. 
Figure 17 shows the Southern hybridization of Hindlll-
digested mtDNAs when the PC6 cosmid was used as the 
hybridization probe. This probe classified the isoiines into two 
groups. 1) 1X249 to Medium Green and 1X235 to Harosoy 63 ( which 
showed 13.8 and 13,4 kb fragments), and 2) 1X251 to PI326-580 
(which showed 13.0 and 1.6 kb fragments). The PC6 Phaseolus 
mitochondria cosmid did not contain a variable region as did the 
other cosmids. Also the large number of bands hybridizing to this 
cosmid insert indicated that the mitochondrial fragment cloned 
into this cosmid was large and not quite variable. 
When the same cosmid, PC6, was hybridized to P v u l l  
digested mtDNA of the isocytoplasmic lines Figure 18, two groups 
were identified. 
Figure 17. Southern blot analysis of soybean mtDNAs 
digested with Hindlll restriction endonuciease. 
Comparison of soybean mtDNAs of the BC5F3 lines which 
are represented by (IX) numbers, their cytoplasmic donors, 
and Clark 63 and Harosoy 63 nuclear recurrent parents. DNA 
was isolated from purified mitochondria, digested with 
Hindlll restriction endonuciease, fractionated on a 0.8% 
agarose gel, and transferred to MSI membrane. The 
Phaseolus mitochondrial cosmid PC6 was used as 
hybridization probe. >L/H=Lambda/Hindlll molecular weight 
marker. (M. Green = Medium Green; Mandrin = Mandarin) 
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Figure 18. Southern blot analysis of soybean mtDNAs 
digested with Evu.ll restriction endonuclease. 
Comparison of soybean mtDNAs of the BC5F3 lines which 
are represented by (IX) numbers, their cytoplasmic 
donors, and Clark 63 and Harosoy 63 nuclear recurrent 
parents. DNA was isolated from purified mitochondria, 
digested with Pvu.ll restriction endonuclease, fractionated 
on a 0.8% agarose gel, and transferred to MSI membrane. 
The Phaseolus mitochondrial cosmid PC6 was used as the 
hybridization probe. X/H=Lambda/Hindlll molecular weight 
marker. (M. Green = Medium Green; Mandrin = Mandarin) 
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1) 1X249 to Medium Green, IX 247, and 1X236 to Harosoy 63. 2) 
included 1X251 to PI326-580, PI79-593, 1X248, and PI326-580 
(lower gel). Two bands of 3.0 kb and 7.0 kb were visible in group 
two but missing from group one. Since the appearance of these two 
bands was not related to any other missing hybridizing band, the 
possibility of point mutation was ruled out. As mentioned earlier 
the PC6 cosmid seems to contain a large insert fragment. This 
insert seems to have less variability than other cosmid tested. 
The 9.8 kb PstI fragment of PC6 was used as a hybridization 
probe with Pstl-diaested mtDNAs, Figure 19. This fragment, 
PC6-2, classified this germ plasm into three groups. 1) 1X249, 
which showed 4.6 and 2.5 kb bands, 2) 1X250 to Medium green and 
1X235 to Harosoy 63 which showed 4.9 kb fragment, and 3) 1X251 to 
PI326-580 which showed 4.9 and 1.4 polymorphic bands (bottom 
gel). Three bands of 1.4, 2.5, and 4.6 kb distinguished group one 
from group two. Group two showed polymorphic bands of 1.4 kb and 
4.9 kb which were not present in group one. In group two, the 
isocytoplasmic line 1X248 showed a unique 2.3 kb fragment. This 
fragment might be a result of partial digestion. 
Another example of cosmid probes containing a large 
fragment insert hybridizing to large populations of polymorphic 
fragments is presented in Figure 20. The PC10 cosmid probe was 
used to hybridized to Hindlll digested mtDNA of the isolines. This 
probe identified two different cytoplasmic groups. 1) 1X249 to 
Medium Green and 1X235 to Harosoy 63 (missing 12 and 7 kb bands). 
2) 1X251 to PI326-580 showed 12 and 7 kb bands. 
Figure 19. Soutliern blot analysis of soybean mtDNAs 
digested with PstI restriction endonuclease. 
Comparison of soybean mtDNA of the BC5F3 lines which are 
represented by (IX) numbers, their cytoplasmic donors, and 
Clark 63 and Harosoy 63 nuclear recurrent parents. DNA 
was isolated from purified mitochondria, digested with 
PstI restriction endonuclease, fractionated on a 0.8% 
agarose gel, and transferred to MSI membrane. The 1.8 kb 
PstI fragment of the Phaseolus mitochondrial cosmid PC6 
was used as the hybridization probe. 
A./H=Lambda/Hindlll molecular weight marker. 
(M. Green = Medium Green; Mandrin = Mandarin) 
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Figure 20. Southern blot analysis of soybean mtDNA 
digested with Hindlll restriction endonuclease. 
Comparison of soybean-isocytoplasmic lines mtDNA of the 
BC5F3 lines which are represented by (IX) numbers, their 
cytoplasmic donors, and Clark 63 and Harosoy 63 nuclear 
recurrent parents. DNA was isolated from purified 
mitochondria and digested with Hindlll restriction 
endonuclease, and fractionated on a 0.8% agarose gel, and 
transferred onto MSI membrane. The PC10 Phaseolus 
mitochondrial cosmid was used as the hybridization probe. 
X/H=Lambda/Hindlll molecular weight marker. (M. Green = 
Medium Green; Mandrin = Mandarin) 
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Two bands of 12 kb and 12.5 kb distinguished group two from group 
one. Also a faint band of approximately 7.0 kb was visible in group 
t w o .  
When the 9.6 kb PstI fragment of PC10 (PC10-4) was used as 
a hybridization probe with Hindlll digested mtDNA, a different 
banding pattern was observed (Figure 21). This subfragment 
identified three groups 1) 1X249 to Medium Green, and 1X235 to 
Harosoy 63 which can be distinguished by the 12,4 kb band. 2) 
1X251 to PI65-388 and 1X243 to P1326-580 which can be 
distinguished by the presence of 12.2, 12.0, 6.6, and 4.0 kb bands. 
3) 1X257 to PI65-549 which missing a band of 6.2 kb observed in 
the other groups. Two additional bands of 4.0 and 6.2 kb were 
detected with PCI 0-4 subfragments in group two. Using this 
subfragment reduced the number of bands hybridizing to the labeled 
probe, and narrowed the region of the cosmid that could detect 
polymorphic bands. This region probably contains a variable 
sequence in the mitochondrial master chromosome. 
Conclusion 
The secondary screening of soybean mitochondrial genome of 
all accessions indicated the presence of different RFLP groups in 
the germ plasm under study. The enzyme-probe combination used in 
the secondary screening of possible RFLP groups detected 2 to 6 
distinguishable groups. Each of these groups has a banding pattern 
which can separate them from each other. The final conclusion on 
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the number of RFLP groups detected between and within soybean 
species was based on the enzyme-probe combinations that detected 
the highest number of groups. The results, which are presented in 
table 4, were based on this criteria. 
The enzyme-probe combinations that detected six different 
RFLP groups are Hindlll-Atp6. Hindlll-PC2. and Pvull-PC2-6. The 
sizes of the polymorphic fragments that distinguished each group 
are presented in table 4. The other enzyme-probe combinations 
that detected less than six RFLP groups within the germ plasm 
under study were listed in appendix (Table 1). The estimated 
molecular weight of each band observed in each group is presented 
in this table. 
Group 1 contained exclusively Glycine max accessions. 
Backcross line 1X249 demonstrated a unique banding pattern which 
correlated with the Harosoy 63 nuclear background. These 
polymorphic bands were observed with different probes and 
enzymes. There is a possibility that the nuclear background in this 
cross played a role in this unique banding pattern. 
Groups 1, 2, 3, and 6 contained G. max lines, while group 4 
was shared between G. max and G. gracilis. Group 5 was limited to 
G. soja. Compared to chloroplast genome diversity (Close et al., 
1989), mitochondrial based RFLPs were able to identify subsets 
within the ctRFLP groups. For example, based on ctRFLPs, group 3 
includes Peking, Virginia, PI65-549, PI65-388, and PI326-580. 
Figure 21. Southern blot analysis of soybean mtDNAs 
digested with Hindlll restriction endonuclease. 
Comparison of soybean mtDNA of the BC5F3 lines which are 
represented by (IX) numbers, their cytoplasmic donors, and 
Clark 63 and Harosoy 63 nuclear recurrent parents. DNA 
was isolated from purified mitochondria, digested with 
Hindlll restriction endonuclease, fractionated on a 0.8% 
agarose gel, and transferred to MSI membrane. The 9.6 kb 
PstI fragment of the PC10 (PC10-4) Phaseolus 
mitochondrial cosmid was used as the hybridization probe. 
X/H=Lambda/Hindlll molecular weight marker.(M. 
Green = Medium Green; Mandrin = Mandarin). 
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Table 3. The restriction fragment length polymorphism groups of the soybean 
cytoplasmic collections based on mtDNA analysis. The first column on the 
left represents the BC5F3 backcross lines, and the second column 
represents the cytoplasmic donor parents which used as a female parents. 
The third column represents the nuclear recurrent parents which used as a 
pollinator parent, and the fourth column represents soybean species to 
which the cytoplasmic parents related to. The fifth column represents 
the mt RFLP groups based on the restriction analysis of the mt geneome. 
Backcross lines Parents Cytoplasmic nuclear parents Species mtRFLP 
1X249 mini Harosoy 63 G. Max 1 
1X250 mini Clark 63 G. Max 2 
1X235 Mandarin Harosoy 63 G. Max 6 
1X236 Mandarin Clark 63 G. Max 6 
1X237 M. Green Harosoy 63 G. Max 3 
1X238 M. Green Clark 63 G. Max 3 
1X251 Peking Harosoy 63 G. Max 4 
1X252 Peking Clark 63 G. Max 4 
1X253 Virginia Harosoy 63 G. Max 4 
1X254 Virginia Clark 63 G. Max 4 
1X241 PI65-388 Harosoy 63 G. gracilis 4 
1X242 P165-388 Clark 63 G. gracilis 4 
1X257 PI65-549 Harosoy 63 G. soja 5 
1X258 PI65-549 Clark 63 G. soja 5 
1X243 P179-593 Harosoy 63 G. gracilis 4 
1X244 P179-593 Clark 63 G. gracilis 4 
1X247 PI153-292 Harosoy 63 G. gracilis 4 
1X248 PI153-292 Clark 63 G. gracilis 4 
1X239 P1326-580 Harosoy 63 G. gracilis 4 
1X240 PI326-580 Clark 63 G. gracilis 4 
1X245 PI424-078 Harosoy 63 G. gracilis 3 
1X246 PI424-078 Clark 63 G. gracilis 3 
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Table 4. Soybean mitochondrial genome RFLP groups, the 
enzyme-probe combination that distinguished the six 
RFLP groups, and the size of the fragments that can 
distinguish these RFLP groups. 
mtRFLP 
aroup 
RE/Probe Fragment size (kb) 
1 Hindlll/Atp6 1.6, 1.9, 2.8, 3.9, 5.0, 10.5 
Hindlll/PC2 7.0, 9.3, 9.9, 10.5 
PvuIi/PC2-6 10.0, 11.8, 13 
2 Hindlil/Atp6 1.9, 2.8 
Hindlll/PC2 9.3, 9.9, 10.5 
Pvuii/PC2-6 10.0, 10.5, 11.8, 13.0 
3 Hindill/Atp6 1.9 
Hindlll/PC2 3.3, 9.3, 9.9 
Pvull/PC2-6 11.8 
4 Hindlll/Atp6 1.6, 2.8, 3.9, 5.0, 10.5 
Hindlll/PC2 7.0 
Pvull/PC2-6 11.8, 13 
5 Hindlll/Atp6 1.6, 2.8, 3.9, 10.5 
HindlIl/PC2 9.9, 10.5, 11.0 
Pvull/PC2-6 10.5, 11.8 
6 Hindlll/Atp6 1.6, 1.9, 2.8, 3.9, 5.0, 10.5 
Hindlll/PC2 9.9, 10.5 
Pvull/PC2-6 9.8. 10.5. 11.8 
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These cultivars and Plant Introductions are max, soja, and gracilis 
accessions (Table 3). While using mitochondrial RFLP analysis 
these accessions grouped into two different RFLP groups, group 4 
and 5. Group 4 included G. max and G. gracilis accessions and group 
5 included only G. soja accessions. This suggests that mtRFLP 
analysis can detect more variability than chloroplast based RFLP. 
The classification of soybean cytoplasmic collections was 
summarized in Table 5. The table included the accessions that 
classified in to a certain RFLP group and also the nuclear 
background of each of backcross lines within each group. 
Using mtRFLP analysis, PI65-549 presented different 
banding patterns with most of probes. This Plant Introduction falls 
by itself within one group (group 5). This indicates that the pattern 
of DNA structural changes in plastids are different from that of the 
mitochondria. This particular Plant Introduction was assigned to 
an ctRFLP group that included large number of accessions. But using 
mtRFLP, PI65-549 represented a group by itself. 
Variability between mitochondrial genomes is expected to 
be due either to mutations or to the presence of direct inverted 
repeats which facilitate rearrangements and recombinations within 
the mitochondrial chromosome (Lonsdale et al., 1983). This is one 
of the reasons of the wider range of variability detected by mtRFLP 
than CtRFLP analysis in soybean. 
Mandarin and lllini were assigned to the same ctRFLP group 
by Close et al., (1989), while using mtRFLP analysis, these two 
cultivars were grouped in 3 different groups, lllini fell within 
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groups 1 and 2, while Mandarin falls within group 6 (Table 5). Illini 
cytoplasm was backcrossed to two different nuclear backgrounds 
which resulted in 2 different banding patterns. This suggest that 
one of the backcrosses mutated differently with one nuclear 
background, but not the other. The presence of additional bands in 
backcross 1X249 might be attributed to some kind of effect of the 
nuclear genome on the organization of mitochondrial genome. These 
findings suggested that the mitochondrial-based RFLP analysis is 
more powerful in detecting cytoplasmic diversity among soybean 
germ plasms than chloropiast-based RFLP. 
Variability in the mitochondrial genome can be attributed 
mostly to major structural changes in the master chromosome. 
These changes occur because of the presence of repeated sequences, 
and short direct repeats (Bailey and Hanson, 1986). These repeats 
serve as recombination points, which in turn lead to relocation and 
rearrangement of mtDNA sequences. Also they might cause loss of 
some sequences due to homologous recombination. 
An effect of the nuclear genome on mitochondrial genome 
organization and function has been reported in maize (Limbeck and 
Gengenbach, 1983 and Dewey et al. 1986. This study demonstrated 
the possibility of this effect in soybean. Since an effect of the 
nuclear genome on mitochondrial genome rearrangement in soybean 
has not yet been reported, only speculation on the Origin of the 
polymorphic bands observed which were associated with the 
recurrent parent, Harosoy 63, can be made. To confirm the 
involvement of the nuclear genome on mitochondrial genome 
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Table 5. Classification of soybean cytoplasm collections into 
six mtRFLP groups 
mtRFLP Cytoplasmic Nuclear recurrent parents 
Group Parent Clark 63 Harosoy 63 
1 mini 1X249 
2 mini 1X250 
3 M. Green 1X238 1X237 
PI424-078 1X246 1X245 
4 Peking 1X252 1X251 
Virginia 1X254 1X253 
PI65-388 1X242 1X241 
PI79-593 1X244 1X243 
PI153-292 1X248 1X247 
PI326-580 1X240 1X239 
5 PI65-549 1X258 1X257 
6 Mandarin 1X236 1X235 
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organization, reciprocal crosses need to be done. Also, more 
nuclear sources from different soybean species need to be included 
in two way crosses and only then this phenomenon can be 
understood. 
In some cases, unexpected bands were observed in few 
backcross lines. The presence of these bands was not due to 
mechanical contamination of seed (as confirmed previously). There 
are still two possibilities which need to be addressed and examined 
in depth since it is beyond the limit of this dissertation at this 
point. One possibility for the unexpected bands is the possible 
effect of the nuclear genome, in particularly Harosoy 63, on the 
organization of the mtDNA. The other possibility that needs to be 
considered is the transmission of the mitochondrial genome through 
pollen grain. 
The inheritance of the chloroplast genome was found to be 
maternal in soybean. But other possibilities still need to be 
studied individually in variable germ plasm taking into account all 
possible crosses that might uncover vital genetic information. 
The potential of using mtRFLP analysis to study the 
diversity of soybean cytoplasm and variability in the mitochondrial 
genome is quite obvious (Table 4). This study presents 
relationships between three soybean species, G. max, G. soja, and 
G. gracilis. Some of the G. max representatives (Virginia, and 
Peking) showed banding pattern similar to all three species 
(Shoemaker et al., 1986). This mean that G. soja is not closely 
related to other species. On the other hand G. max and G. gracilis 
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were less variable species because they included more individuals 
within each group which also mean that they are closely related. 
Evaluating intraspecific and interspecific sequence 
diversity was one of the major goals of this study. Mitochondrial 
RFLP-based analysis provides a tool for evaluating soybean germ 
plasm. Characterizing the molecular changes in the soybean 
mitochondrial genome will provide valuable knowledge about the 
evolution of this organelle. 
Plant breeders should determine the amount of variability 
in their genetic materials to avoid uniformity which might cause 
problems in future generations. Although diversity in the 
chloroplast genome is limited due to the lack of major structural 
rearrangements, it still can be used to evaluate interspecific ctDNA 
sequences. However, RFLP analysis of the mitochondrial genome 
will provide an important means to evaluate the genetic 
relationships between cultivars and accessions. 
For cultivar development, plant breeders should consider 
the inclusion of diverse cytoplasms in their breeding materials. 
Uniformity of the chloroplast and mitochondrial genomes might 
present a great risk of potential expression of undesirable 
mutations. 
For more understanding of soybean mitochondrial 
genome organization, a homologous mtDNA library for a specific 
soybean genome needs to be developed. These libraries will provide 
useful means for fine-structure mapping of the soybean 
mitochondrial genome. Also it can be used in sequence analysis of 
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specific regions that include or flank polymorphic sequences. To 
study the possible effect of the nuclear genome on mitochondrial 
genome organization, more nuclear sources should be included in 
different cytoplasmic materials. 
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SUMMARY 
Advances in soybean genetics have been slow compared with 
other important crops like maize. This is due to the inherent 
difficulties in performing crosses, and to the lack of genetic 
variability in the available germ plasm. The limited genetic 
variability in soybean led to the search for other sources of 
genetic variability, or for new approaches to create variability. 
Recently, soybean has been proven to be a good target for genetic 
improvement by plant transformation. The modification of the 
soybean genome using genetic engineering techniques may 
facilitate a rapid development of new varieties. 
The first study in this thesis was an effort to develop a 
regeneration and transformation protocol that can be used to 
introduce the maize Ac transposable element into the soybean 
nuclear genome. The Ac element has been introduced into the 
soybean nuclear genome by Agrobacterium-mediated 
transformation. Soybean cotyledons were inoculated with 
Agrobacterium tumefaciens carrying the binary vectors PZAC1 and 
PZAC1/R which carries the Ag, transposable element, and PZA3 as a 
negative control. 
The method of regeneration requires no intermediate callus 
formation. Direct inoculation of the cotyledons at the point of 
embryo axis attachment to the cotyledons will allow the 
Agrobacterium to infect the meristematic cell at this region. 
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Multiple shoot development was initiated. These were then 
dissected and processed to form mature plants. The regeneration 
percentages obtained by this method were 14.8%, 7.2%, and 8.8% 
when PZAC1, PZAC1/R, and PZA3 plasmids were used respectively. 
These percentages were higher than most of the reported protocols 
(Chee et al., 1989; and McCabe et al., 1988). 
PGR technology was used to identify the RO plants carrying 
the Ac transposable element in their genome. To prove that the A_s 
element can be transmitted sexually, Southern blot hybridization 
of the R1 plant genomic DNA was conducted. The results indicated 
that the Ac element was transmitted sexually to R1 plants. The 
transformation percentages obtained by this method were 24.31% 
and 10.48%, when PZAC1 and PZAC1/R plasmids were used, 
respectively. 
In the second study, a restriction fragment length 
polymorphism analysis of the soybean mitochondrial genome was 
conducted. Specific soybean cytoplasmic collections were used to 
study the diversity of the soybean mitochondrial genome of the 
genus Glycine. These collections included isocytoplasmic lines, 
plant introductions, and cultivars. The isocytoplasmic lines were 
backcrossed to two different nuclear backgrounds of Clark 63 and 
Harosoy 63. 
The objectives were to detect intragenic sequence diversity 
in Glycine species max, soja, and gracilis, and to evaluate 
isocytoplasmic lines, cultivars, and plant introductions for unique 
mtRFLPs. To detect RFLP in the mitochondrial genome, cloned 
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maize genes, and a cosmid library of Phaseolus mitochondrial 
genome were used as hybridization probes. 
Six distinctive mtRFLP groups were identified. The 
hybridizing probes were able to subdivide the previously 
established ctRFLP groups, indicating that more cytoplasmic 
variability can be detected using mtRFLP analysis. There was 
evidence of the involvement of the nuclear genome in the 
mitochondrial genome organization in some of the isocytoplasmic 
lines. However more nuclear backgrounds should be tested to 
confirm this phenomenon. The Phaseolus mitochondrial cosmids 
were effective in screening for variability within and between 
different cytoplasms. Subfragments of these cosmids narrowed 
the region of variability to a specific mtDNA sequences. 
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APPENDIX 
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Table 1. The size and number of common and polymorphic bands, 
and the number of RFLP groups detected with each 
enzyme-probe combination. 
Enzyme/probe 
Hindlll/Atpa 
Pstl/Atpa 
Pvull/Alpa 
Hindlll/Atp6 
Pstl/Alp6 
# of RFLP groups common bands Kb polymorphic bands Kb 
Pvull/Atp6 
EC0RI/PC2 
Hindlll/PC2 
Pvull/PC2-6 
Hindill/PC3 
Pvull/PC5-10k 
Pstl/PC6-2 
Hindlll/PC10-4 
2 
2 
2 
6 
2 
4 
4 
3 
3 
3.5, 4.4 
2.0, 6.6 
3.0,4.4 
0 .8  
No common bands 
10.5 
1.7, 2.8, 9.9 
2.0, 4.8 
2.0, 9.8 
0.6, 0.9, 1.1, 1.9 
2.4, 2.6, 3.0, 4.4 
5.0 
2.8, 4.9, 11.0 
6.2, 6.9, 21.0 
4.5, 4.7, 2.0, 1.9 
1.6, 1.4. 1.3 
2.8 
3.0, 9.7, 9.9 
9.9, 20.0 
1.9, 2.8, 3.9, 
5,0,10.5 
1.6, 5.0, 8.2, 
12.5, 13.0, 13.5, 
19.0, 20.0 
3.8, 6.8, 9.0, 20.0 
I.8, 2.4, 3.2, 4.0, 
4.8 
3.8, 7.0, 9.3, 9.9, 
10.6, 11.0 
9.6, 10.0, 10.5, 
II.8, 13.0 
7.0, 12.2, 12.5, 
13.0, 13.3 
8.0, 9.9 
1.4, 2.5, 4.6, 4.9 
4.0, 6.2, 12.0, 
12.2. 12.4 
1 8 1  
Table 2. Summary of the number and the size of common and 
unique bands detected in each accession in combination 
with three restriction enzyme/probe that detected the 
six RFLP groups in soybean germ plasm. 
mtRFLP accession RE/probe 
group combination 
common unique 
bands kb bands kb 
1 mini Hindlll/Atp6 0.8 
Hindlll/PC2 2.0, 4.8 
PvulI/PC2-6 2.0, 9.8 
1.6, 1.9, 2.8, 3.9, 5.0, 
10.5 
7.0, 9.3, 9.9, 10.5 
10.0, 11.8, 13 
mini Hindlli/Atp6 0.8 
Hindlll/PC2 2.0, 4.8 
Pvull/PC2-6 2.0, 9.8 
1.9, 2.8 
9.3, 9.9, 10.5 
10.0, 10.5, 11.8, 13.0 
M.Green Hindlll/Atp6 0.8 1.9 
Hindlll/PC2 2.8, 4.8 3.3, 9.3, 9.9 
Pvull/PC2-6 2.0, 9.8 11.8 
PI424-078 Hlndlll/Alp6 0.8 
Hindlll/PC2 2.0, 4.8 
PvulI/PC2-6 2.0, 9.8 
I.9 
3.3, 9.3, 9.9 
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Peking Hindlll/Atp6 0.8 
Hlndlll/PC2 2.0, 4.8 
Pvull/PC2-6 2.0, 9.8 
I.6, 2.8, 3.9, 5.0, 10.5 
7.0 
II.8, 13 
Table 2. continue 
Virginia 
PI65-388 
P179-593 
PI153-292 
P1326-580 
5 PI65-549 
6 Mandarin 
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Hlndlll/Atp6 0.8 
HindIII/PC2 2.0, 4.8 
Pvuil/PC2-6 2.0, 9.8 
Hindlll/Atp6 0.8 
Hindlll/PC2 2.0, 4.8 
PVUII/PC2-6 2.0, 9.8 
Hindlil/Atp6 0.8 
Hindlll/PC2 2.0, 4.8 
Pvull/PC2-6 2.0, 9.8 
Hindlll/Atp6 0.8 
Hindlll/PC2 2.0, 4.8 
Pvull/PC2-6 2.0, 9.8 
Hlndlll/Atp6 0.8 
Hindlll/PC2 2.0, 4.8 
PVU11/PC2-6 2.0, 9.89 
Hindill/Atp6 0.8 
Hindlll/PC2 2.0, 4.8 
Pvuil/PC2-6 2.0, 9.8 
Hindlll/Atp6 0.8 
Hindlll/PC2 2.0, 4.8 
PVUII/PC2-6 2.0. 9.8 
I.6, 2.8, 3.9, 5.0, 10.5 
7.0 
II.8, 13 
I.6, 2.8, 3.9, 5.0, 10.5 
7.0 
II.8, 13 
I.6, 2.8, 3.9, 5.0, 10.5 
7.0 
II.8, 13 
I.6, 2.8, 3.9, 5.0, 10.5 
7.0 
II.8, 13 
I.6, 2.8, 3.9, 5.0, 10.5 
7.0 
II.8, 13 
1.6, 2.8, 3.9, 10.5 
9.9, 10.5, 11.0 
10.5, 11.8 
1.6, 1.9, 2.8, 3.9, 5.0, 
10.5 
9.9, 10.5 
9.6. 10.5. 11.8 
